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ABSTRACT

This thesis presents the study results of electrical performance testing of porcelain and
polymeric insulators under polluted conditions based on IEC 507 standard. This
standard recommends two test methods : Salt Fog Test and Solid layer Test. Salt Fog
Test is carried out wusing sea water from the eastern coast of Thailand and saline
solutions are prepared according to the standard, while Solid Layer Test is carried out
using polluted dusts collected from factories such as flour dust, cement dusts, animal
feed dusts and Kaolin as recommended in the standard.  The results of Salt Fog Test
show that when the salinity levels of saline solutions are increased, the corona inception
voltages of porcelain insulators are relatively constant, while the corona inception voltage
of polymeric insulators are decreased. Leakage current of porcelain insulators and
polymeric insulators are relatively constant with the increase of salinity levels. The
corona inception voltages of porcelain insulators when exposing to sea water are higher
than those of polymeric insulators. For Solid Layer Test, the results show that corona
inception voltage of porcelain insulators are relatively constant with the increase of
polluted-level, the corona inception voltages of porcelain insulators when exposed to flour
dust and cement dust are higher than those of porcelain when exposed to animal feed
dust and Kaolin.  For polymeric insulators, corona inception voltages are relatively
constant when polluted levels of flour dust and cement dust are increased, while corona
inception voltages are decreased when polluted levels of animal feed and Kaolin are
increased.  Leakage currents of porcelain insulators and polymeric insulators are relatively

constant when levels of various polluted dusts are increased except animal feed dust.
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maan 2.1 annnh s mualuinasgiu 1o 8 & so07

anududumsazarnnae | s IniuaSines
( Salinity ) ( Volume Conductivity )
Kg/ m’ #20°C (S/m)
2.5 0.43
3.5 0.60
5 0.83
7 115
10 1.6
14 22
20 3.0
28 4.1
40 5.6
56 7.6
80 10
12 13
160 17
224 20
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L) I

lunsaingamgivesmsazawniamaimnidienn 20 °C szaeslimsilSua laoldgas

W 1
VNN
G, =0g [1-b( 0-20)] (2.1)

Tavh G, AesnnmihIndialSinasigungii 20 °c iy S/m
Gy Aemnnmi v udnlsinasigungi 6 cc wibuily S/m
0  Aegumpiicisazaw MW °C

- C'&J o = a0
b ﬂﬂuﬂﬂmﬂm‘uunuqmﬁqu IﬂUUﬂ'lﬁ'llJﬂ'l'i'N 2.2



13

4 " {AJ o )
AN 22 MUNAIRDINYUNUQUNAN

0(°C) b
5 0.03156
10 0.02817
20 0.02277
30 0.01905

seorazu damnnuil Wi vesasazanae 25 °Cc 14 2811 S/m

o, AemAnwih WA FaSasigungl 20 °C NAvIMIIM
o fomanmh WA uFalsasngungili 25 °C a1 2811 S/m
0 feguuglimisazaw N 25 °C

- vad w a4 ’ & o
b ﬂﬂuﬂﬂlﬂﬂi'n‘]unuqm“qu m3ﬁ1n15ﬂ“1ﬂ11ﬁﬂjﬂﬁ1ﬁ‘n 2.2 MU

figaumgiiszndng 20 -30 °C AumlA@es b AR

0.02277 - 0.01905 = 0.00372

ad = L4 " e
N 25 °C wumunames b Ny

e
b o
b ud
1.
Pra}
2
=
&

0.02277 - 0.00372/ 2 = 0.0209

unumane q luaums (2.1) 18

G, = Cg [1-b(0-20)

Il

(2811 )[ 1- ( 0.0209)( 25-20) ]

2517 S/m

» ¥
dmsunmsnageugniaenoidanznlseziloudunaiu Tumsdnamaininy
y ¥ ' ° 8. .0 A o A o aa 13
nlsezleuszAvansmannmih iivesmsazaesuiu dnhduraidunzndgnde

P &4 a ¥ o ¥
yazanimniulsna  Faswaziooa: 1ananlude 2.11
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v 3§ Y a a a
2.10 ‘5zﬂ'l.lﬂ']'l'lllll133!%3“8"“80“1'“‘"15!5§11-l 18 9% 507

»

Tumnasse 1o 8 & 507 1atimsdmuaszAunnunlsezilloudads ( References

Degrees of Pollution ) veagniiuieiimsnlsezitloudimmau swdemanumingalinas
L d

Y0IETALAUNIAU ( Volume Conductivity of The Suspension ) seaunulsezilousy
= 24 3 o : - v & '
Wnsanen  Uszanudwmlsezdlou 1wy duws Aemitsiuivesgndis Tasnall mioe
faouldezily  HadnsuAemusuALAS ( mg / cm’ ) W3BNGEAAUI SDD ( Salt

Deposit Density ) ¥38 ESDD ( Equivalent Salt Deposit Density )

MmN 23 szAuanulseziloududsveamauaminass led & 507

szduamulsezdoududaweaman | snmmiIihidalsinasvesssazaw
SDD ( mg/cm’ ) ( Volume Conductivity ), O, ( S/m)
0.025 1
0.035 1.4
0.05 2
0.07 2.8
0.1 4
0.14 5.6
0.2 8
0.28 11.2
0.4 16

Tumsdmuadiulsznevvesdalseslloudmivmsnaaeugndis moldanny
> v ¥ .
nlsezlowiu Ansannszauanulsezitloudadeveumannal SDD 0.025, 0.1 uag

04 mg/cm’ AWHAY
2.11 mammszauanulsezieu

ar 3 3 o o = o n’: o = - o
szauanulsezitlouiinziimaasavianiodmseiiudwsedutdunmslas 1hign
= e ~ bt e : < A o
fwhlumwuinaiivannz  wieewldtmnirWuranazaililSnaismua

¥ ¥ "
udafianu qu 3o mmsazarwdu Inarundma 3 e ldgndaendalininlses
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douudr nmiu “lahjﬁuqumﬁaﬁﬂﬁ’numunJmQuﬁuﬁuqnff’muﬁuazmm{ﬂuﬂ?mmﬁ
fmua thlSammmunihuddnumugasismualunasgu FalunsAinoudinan
sefommsuAuimvesgndauiazqumngiivesmsaz oy i IdoziulSuaiy
wieziouiimindhuihmindomiuiinie foaniuremsaananns (mg/cm’ )
ﬁ'mthamw1fhisﬁnm1mﬂsazzﬁammqnﬁwwa{%mu dlenlsezidloudruma
Wy wEsmitmamnazaoiudariudwmsazaemauias 1dfumnatheduiagn
Froudninnazarh #ffinas 300 av. e ( anseldSneniuandienni 14
L{?awmmw:miqmmmmsqt{ﬂﬁqqqﬁ 500 au. wu. Wehmuaos 300 av. wu. )
wdr¥amanmihInfhesmsazaieldvindy 00928 S/m Migungil 25 °C NAM

i 22 wl@rwrnaed b Ao
figungiisznin 20 30 °C Awrdames b A Ay
0.02277 - 0.01905 = 0.00372
Fufu fgamgiin 25 °C szfinuimed b oy
0.02277 - 0.00372/ 2 = 0.0209

unumAe 9 uaums (2.1 ) 214

G"O

g [1-b( 0-20)]

Il

(0.0928 )[ 1- ( 0.0209)( 25-20) ]

0.083 S/m

MSHIAT ESDD a1nson 180 1nanudunus 91919

. SV
ESDD = (2.2)
A

03

Taon MU NN,/ 1LY,

= (570,)"

» "
= A A

S
- v
Vv apdsuiasasazaln vuao a1, .
— ¥ )
A D NUNHIQNOIY wisolu a3, .



16

1.03
S = (57 x0.083)

= 0.462 S/m

3 “a L= 4 da L4

WieanmlSinasvesasazaioiian 300 avaw. wazNuNAIvesgndeneITay 1 gn
a FY ! ' o @
i 1599 a5 aw. ( mldnnmstloudeyavesgndis wu durigquinany sz

¥
a0 vypagninoluTilsunsy Solid Work ) #niu ESDD wesgndaoweimau iim

0.462x300
ESDD = ———
1599

= 0.086 un. / V3. TU.

dmsunvam ESDD  veaflurastiaou q a@wisont1ddeismsanaindnedu
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3.1 unin

unilsznandmseenuuunsz lnmagey yoRaauazmsazmonde dmsy
mi'nﬂfm'uqﬂﬁ'mﬂm‘lv’l'ﬁm')mhﬂ:lﬂ’ﬂu'lmﬂﬁa( Salt Fog Test ) LaZM3BOALUUNIE 19y
inseafuiialerh 191'3'10'[013’1 dmiunmsnaaeugndionioldaniizidums ( Solid Layer
Test ) amdermualunasgu 108§ 507 saudeginsaldu q A lunsmadeuuozms

wisudurariaan 9 nlFlumandevgniiodmivmmageumolaanznlsezilou

Huwa
32 gndenszuaaavnlslumsnaaey

antonlflunsmagenii 2 1szian Ao gndaomesmau uazgndnIndwes gn
ﬁ; o e ¥ 4 ﬂ o o a o < ¥
Jowesmaunly 3 ga yaaz 4 gn Futlumstiaesmudnyuznmsasasgniaohldaulu
¥
szunIrihussdu 33 dlaTad  moldannznlsezdleuvesms Infhauginig ( nvn )
gndodanariilusiia 523 wezgndawIndwesdmiumslFaunussdulinuss ilalad

° o A o 4 o - : 4 o
i3 g dusiatlnady suiumsiaeimsaadsgndionlFouluszuyIdfussdu

=Y d ar
33 flallaswunu

|

l-Im\l - n‘b ;n.w »
| * - 'J"I"'.".f'-'

(n) gndumeswmau (v ) gnduindies

N 31 gadnlFlumsnaaeunvldaniiznlsezileou
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33 mmaaeugntgiiinszuaady annnasgiv e 8 3 507

anitldnarudaluumii 1 msmadeugndiannnasg lo 8§ 507 wiims

naaeuiluanIdI mﬁmaauqnﬁaumu'lﬁﬁﬂ'umﬂsaxtﬁau'lamﬁa Tavldasazarnie

auamududuiiimus  uaznismaceugnéaomoldaniznlsezdeuduns laolfimay

( Kaolin ) nsmareugndauanasg To 8§ 507 1 dlumsmadeuigndae
-

t 4 ¥ >
dgnan  Uanumuzaudmiumnih ) Funaluusnaniinnunlsezileulawndeuas

Huranio laj

3.4  YamuuanazmIssnuuuszuunamesumslaannzlsezieulemnas

» Y
Aunasgu 1o 8 & 507 [9 118dmuanmisnageunisldannzilsezileulemnde Aail
v a A ' o Ao - a o
1. ¥ianalowmasuaazia 1oa51Ms Ivaasazaionae ( flow rate) 30 aa3s/ ¥2139
¥ ¥
( ¥mruzsonimnuaazia 1A unal NNUUMWIUMITATINMT IHA DIRa
Anadalild 30 8as 7 $alus BimsUSunar Miniu 9 iy n3o an
gudumsnaaonIntsuniee ldamsivua )
o
2. MIMANOASITWaN 700 kPa ( laseuninmnaiausiauvesiluan )
¥ o o
3. Wuriguinonvesiaiamsozaionde vum 20w,
4. Wuriguinanwesiafaay Tvia 12w
5. FTUTVNMIRAAUUASHIRAMITAZAWANAY 3.0 BN, MUILUIUDY
& o 1 = ar -é o
6. YANINANYOIPUNTANATOUBYUUAALINUYANINAIVDINIINTIVBININA
S a4 q9 ' a4 a H iy
( netieldmswulandelianuminaue Wgndionaaey )

7. $wouafa ( N ) Wuldmuanudunusaat
N= ( h/06) + 3 (3.1)
Tagh h Aennuunveginsainaaen ( gndao ) lumitowas

Weanin gndioweimaunadey Tuszuy 33 kv disiunaeiu 4 gn 13 0.6

WAs  NAUMS (3.1) Weunun vz 1a Surinareau aaiiu
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z
Il

( 06 /06) + 3

s

= 4 "2

8. JrTuzvvBIAasHING 60 @, lwendwRuany
1
] o ow e '3
9. srurvMNvBAMARAMINAvINgUnseinaaey YAz 3.0 AT

¥
10. szozvinvesginsainaaougenniuediades 1.5 was

nndemruanuas e Anandedu  Jaiimsesnuuunse lunaaen  laod
e 09 40 wAs o1 80 wAs e 45 was dsmelunszley aunsedans
mIUgNaIY AR Rumuarmsazaunde  Inedlszor dmuiidmualy
sy Al 32 () uar (v )

4.0 " \

8.0 u.
/

4.5 W

(n)
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(v)

r ¥
i 32 nszlaumaaeugndlisnioldnzulsezlloulende ( n ) ammseenuy

= ¥
ATLUIAII Y (v) ﬂs:Twnﬂizﬂauummummgm

. »
Ao e e

N 33 imnAsdvIisauazasazaINdeRoNIUUAILIATY Y
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Couse 3 angle droet o1 poice

Adr C@mpromi
Comprwsned mr
1

Figure 2 -~ Construction type d'un pulvérsateur de broulliard
Typical construcsion of fog spray nozzie

(n)

HIRAAULATETAZAUINABAININATTIY ( N )

o o A a
LASHINANDONLUUDIY (v )
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3.5  YemmuauaznsesuUsTUuNaTBuMslAdanIznlsezouduna

» ¥
asnageunwldanznlsezilouduns amnasguldimuadail

1 » » »
1. wiestuialehiidannsiwlei 005 nn./ $2lue/ gmnanuas
- A
2. lmwginsainaaeuganiniu 1.5 was

" n’ a ] s " : .: ] ar
3. gaswlohmavuny egldgdnsaimadeu uazswlohminauem q fu

vndedmuanunasgi Soihmsesnuuunss Taugldmaoy Taofivne nhe 2.4
WA o1 24 wes  uazge 45 was gl 35 ( aundanazennann
szuzvienngndaonaceud i lifu ussduszu 115 kv vieussdumla 66 kv fle
0.7 . +szuziHodndieas 50 w. ez lRummidu 07+ 05 = 12 v dwanugaRaNn
szuvimwgnssimadeunniy 20w+ mmemgnseinaaey (115kv) 12

u.+ izuzﬂ'NmmJawqﬂnsﬁmﬁauﬁmiﬂwﬁ'wuu 12 u Aetlu 44 w. )

' » .
U0 3.5 nszlaumaaeugndiomolaanznlsesleudunanesnuunaimnasgiu

nszlaiiving nde 24 was oM 24 wes g 45 was
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[ ¥ o " ¥
iwseaduiialevhieenuuy thunieasuiialehyinsanszuen Tvnadurmguinaie

L
36 w0, g1 80 @, @b 40 daswiedAadlu 40 AR ( Anwgde 60 A3 )

5 ¥
Hvaaa i uwedui linaoiiule

( Q) Taumny [1]

Tavit  Q
m

Cc

AT

unumly (33)

10
Taun P
Q
t
a YA 0
YAAAN IFUMA

e}
I

mcAT (3.2 )

il

mec( T,-T,) (33 )

. ¥ 1 ]
de USinannueunneliiuien/douanuzdiu T Tnmioilu ya
¥
Ao waveuh fimibuidu an.

4 Y

L
Ae manuioudumzvenin IMm 4186 @/ An.°C

e sannsnlaounasguugiiveninn 11 Tl T2

wld Q = (40 )( 4186 )( 100- 30 ) o
= 11,720,800 10
P = % (34)

o @ 1 o o =) <1
fin Masliihlumiooiag wie gaseduin
o MmasuAMLSeU MU 3a

- Y o 3 [ a S
o 'szumaﬂumihmmqmmmmu 1‘HHU'JU‘J'LIW]

¥ v
9000 Jaa sy widna lumsdmihlnliidea Taoldnan

~

11720800
9000x60

" ¥ ¥ »
arudounasaldne iimldouaniuz T le
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" > '
(1109901NATT R MUA nleAulioasIMswlerh 005 an. / ¥Tue / ava.

USuasnsz Tsuneonuuuiin
24x24x 45 = 259 = 26

¥ ¥ .
agaiu sasimsswlahdmsunss lsunesnuuy Aadly

..

005 x 26 = 1.3 an. / ¥lua

loasimsnelelunar 20

0.05x26

Aatlualsumlerin =" = 0433 nn./ 20 WIn

3

= 433 ASu /20 WIN

A A e = 1 : ﬂ = : a - Voo =
1i9991nA paiuta lovheenuuutlumyuzila  USuasimasastisumaulsuale

S dnw 4 A 24 w v A ks ~
1 1dnnmsnldasusouzdinimaaadldsuanuiou wWissnmit 1 . @y, win 1

4 > ¥ ' v
nsu aadu o 433 oSy AathulSuesiin 433 av. sy, BIndnyaizes pa i lori

o o ' o
mﬂumaﬂszuan‘nn lﬁﬂﬂ'\ﬂuﬂﬂﬁu 36 % ﬁ'lll'l'iﬂﬂ'iﬂ’ﬂllf!d'lmdﬂ‘iiﬂ‘izﬂBﬂ'ﬁgﬂ

< o e ¥ A
ﬂill']ﬂ‘iu'lﬂﬁﬂﬁQ.lF\ D
2
vV = Trh

h = V/Tr

UNUAYT V= 433 au. %y, r= 18 @y, luauns (3.6) wld

433 /T (18)°

=
Il

=
= 042 ¥, HID

au. W

WU.

4.2 wu.

{35 )
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» » ¥
mslinseanuiialeniinwle’d 433 asu /20 win  WSinasvenilunasaudd

¥ »
Jaszauvpaunioasialothezanns 4wy,

] » " ¥
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» » . 1
faonwldnnznlsezloudums dwau 3 ass wudh ietlounssduimds 181 v
» b d " >
Wivvammniesduiialerh Taolénszuamds 9.1 A waswnswledhidunar 20

a4 g b A o & i o
win Yswasilumiesduialew aandleomas 4w,

(n ) yasuiialorh (v ) yasrelenh

1 3.6 gUnsainlFdmiunmsnaaeuginsal Ivihmoldannzulsezitlouduns

3.6 'I‘I’Bﬁ'lﬂuﬂllﬂ:ﬂ'l‘iﬁﬁﬂlll]'ll‘i:‘l}‘llﬂﬂﬁa'l]ﬂ"lﬂ‘lfal’ﬂﬂ"I'J:ﬂilﬁﬂii'lﬁﬂﬂ

k4 o 1
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N 4 -
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11 lesnnieaunoldnznlsezdouduna
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>
Tunsnageugndiomoldaniznlsezileulondeuaziuna 2993naaeulsznoudae
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guasallunmsiiianszua TumsdalSuanssuainlnae Idwloudasnszua ( Current
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3.8  mamssumsazawil¥lunimageugndiumalanznlsezileulende

wazmamni Invhveamsazamnas

A A ¥ ar ¥ ¥ 3 =
msazmonden l¥dmivnisnaaeugniiomolaanznlsezleulamnas aunse

=4

» .
w3 1A Tasmskemndeniniazeramunnutudu ( Salinity ) Ndmualuinasgu 1o

= n’: ) o ar L o A 1 1 =1
D4 507 iy sodszna 2 wudle thlifamanuih Wi Feanlanslndifos

fumanuih I luuessw

¥
Frmolaannznlsezdloulomde Whuldawarsie 3.1

dmivmanmni dhvesmsazaenlglumsnaaeugn

i 3.1 manuh difwesmisazawiilflunsnaaeugndisnivldaniig

alsozilowlonde
ANULUTUFITAZAWNAD annui Wi manui i

/ vimzia AUIIATTIY #3al14
¢ Saliniy 9 (S/m) (S/m)

oy 1.15 1.17

1thunais 4.1 3.97

uIn 10.0 9.88

qan 17.0 17.8

Yimeia - 4.11

3.9 mamssueunanlylumsinasugndismensnageuniznlsezilou funa

J [ =y \d
uazm ESDD YoIHHAI¥HAM

Aumanldindeugndin 3 4 wiia Ao Auutls Huemisdal duduud uazimau lao

[

» b d
1Russzavvosnnulseztlowidly 3 szdu Ao szauanulsezitleuries szduAY
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asezdlourhunans uazszauanusezitlouinn awdau [ 9 1 lunmsindeugndlsdae

-

»

v ¥
Hunsanasgu 1o 8 & 507 fivuaou  Aail

1owsoudunth szduanulseztloud mwdukauismualumse 32 way
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IWdhdued lhussglunmu iminih Tdwuougndronesasaumnududni e uus

2. wisuiundls  szAuanulseznlewthunansuazgs  awduwauiidimualy

1519 3-2 AR UNUMIIFUIREINT Ut 1.
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thunaauazgs ) dmsugndwIndwes  dumsindeugndisnanessauuas Indues
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q‘ 1 T - L ] o 4 c; -
m3ef 3.3 A1 ESDD vesrusiiaan q luudazszaunnunlsezlounldluns mdeu

3 4 9 = L4 @ 4 o 9
AN IUNBIFAUIAZAN0 0 INAWBT ( 'rﬁm'smma‘lﬁ'lum!m 2.11)

SZAUANY f1 ESDD ( mg/cm2 )
nlsezilou andoneSamau
Huudle Huomsdad Hugua 1A
A 0.0534 0.065 0.0412 0.063
naw 0.061 0.067 0.063 0.086
79 0.187 0.093 0.125 0.311
FZAUNY 1 ESDD ( mg/cm’ )
nlsezilou andoTndwes
Huufls Auemisdal AuFund Imay
2y 0.045 0.034 0.037 0.033
nag 0.13 0.037 0.056 0.057
qa 0.36 0.193 0.2 0.13

a d ! a v oA
3.10 myansnzvavlszneuvesurnanlslumsinasugndementsnaaey

meldannznlsezileou

[ » »
lumsasaaevadlsznoudunanlslumsnaaeumoldanznlsezllomiu aunse
e = 9 a A o L4 ar n;y [
AutumMsAw nszuaumsnwid@mons  Idimsdssneuidsamisdnuudlinsisiuns
' v A @ 4 o P
Yasonasamlugilvesivaeou vse NSondun 1w 015 10 ( XRF : X-Ray
‘é s L] o = s L] 1 H
Fluorescence Spectrometry ) 39NSTUIUNIAINGY AuLUMS lnon3oud 019/ U
- 's ar as = = ar s s
ABINTINIITH MIIN 0.5 N3V uasRIveSALBSA Win 45 0N RaudRIRuAIY
4 =1 z o 4 o z ‘; _ L) ar
wioaway w1 i nmiu b lidueSesdmneduzdaouss 150 Alatiaeu
3 o 4 s 4 = s
nmiv M l)iuaiesnsieda XRF - Faezldnalumsasaeinsisiunalszua 20
- o o d.l o e " b & U v A d o
Wi dmiuniseasiviadenaisznevdlonasasaldessidiond uaznasangesise

o o e v ay = L4 A A o L - o ar = o
wua hldadetnndesnisiinsizd lunsesdleasnan  ligilnsaiasaviuuasiinsisy
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aun 3.4 dadumsdsznovvesdunAazwian ldmageuSeuiouiumaui

fAmualumass le 8§ 507

yiiavosuildmadeu ( %)

m31)szney

dundls | duemsdad | duduud | mdu
Fanoulaoenlad ( Si0,) 21.1 3.48 58.9 40-50
laogiidionlaseen’led ( ALO, )| 355 0.871 7.55 30-40
Tamosalaseanlad ( Fe,0,) 6.4 4.56 0.3-2
nuniigeusenled (MgO) 175 2.95 1.91
unaiFoueen lad (Ca0) 3.53 65.1 269
aonlesoonlad (Cu0) 7.24 0.906
:
W ( H,0) 7-14
Tavoanesmansoenlaa( 0, ) 8.85
voavesalasdalva (S0, ) 5.65
AaRIYu ( Cl ) 235
TaTdmFvuoonlad ( K,0) 7.11
Tavieanesa'lasoonlud (Fe,0, ) 1.66
waauavy ( Pd ) 3.01 0.23
aunsuidionlasoenlad (wo, ) 3.03
IsiAvy (Rh) 1.64 0.212
agiution (Al) 1.05
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MINN 34 ( A8 )

wiavosrunlanaaoy ( % )
msiszneu
Huudla Auomisdal | dudud | au

uysmiiaeenlesa ( MnO) 0.221

o o
andnleseanlaa (Cu0) 0.906
a o o
FIn00N 19A (ZnO ) 0.28
ToTodu (1) 0.384
wglaudion (Pt) 0.269

3.11 msAnnguaiAvesgndsIndmes meldaanznlsezitlouduna 211122 |

4 =y L] - o a 4
ieannlatimaigndie Indwesinldunugndrowesmauluuinunlseziloulonie
wu  Issnululinugarmnssuluwanaaziuesnvenlszmalne  wazuSnanlsezidlou
' ) o P o -
duws  TAunusnulsaugaamnssy dludu lumsigadIndwesin 1 uusina
: o ¥ ¥
nlsezilourdunariu astimsAnuguauiAvesgndln Indwesmoldnnznlsezilou
' [ 1 a a J’ ° e - 4 4
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-t o <
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Y & a CI e | a s
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] o) ar ' ' a o
nsdl Asdiaz 6 Aae01n 1aun sumIndweinwldannzlendelos londethunais
uazlondown  swmIndwesmoldannznlsesllouduutle  Auiuuazduemisdal
» ¥
awdwy  msmsoualetnanmoldanznlsesitloudis 91y manseduiiums laus oy
o ] 4 = - Y =) -
mazaeyiiana 9 mwannzulsestleu 6 wia (indevies indsthunan ndeun
bl
duntls uunazdueomsdad) imiu Aos 9 mmsazaouAaz¥iANILNAIDI1 ¥iiA
o 1 v ¥ A o a ' a o v
az 6 Aol Yaosldurs medutuminaaeudel) UM 311 uaasdIBtRuY
a d e ¥ ' 1
andae Indwesndsnnindeudoduraeg #lglunsinunudumiunudy ( Insulation

resistance )



34

¥V

;' LG R i % ENERE RN Tk "%
( a ) IndwesulsezdlouduFud (1) Indwesnlsezidloulonie
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TumsAn¥INMUAIUMIURUIY ( Insulation resistance )

[ . " »
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wazswau 6 @een awannenlsezdlou 6 wialudun 15 Agungl 50 ° C
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43 wamsnaasamaldnnzilsezilenlemnae ( Salt Fog Test )

o ¥ - o ¥ 4 -~
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naand Hae 42 waalumsnn 41,42 wazglhn 42,43 awddy lumsnadeu
1 o 4 n’; e = 1Y 13 o =
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¥ "
LNB;BU1Qﬁ$ 3 HA HAZIHANISNATOUIADLATINIMIAURDY

4:5 - - - o = o 9
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ARTIFICIAL POLLUTION TESTS ON HIGH-VOLTAGE INSULATORS
TO BE USED ON A.C. SYSTEMS

FOREWORD

1) The formal decisions or agreements of the IEC on technical maﬁers, prepared by Technical Committees on
which all the National Committees having a special interest therein are represented, express, as nearly as
possible, an international cggf_o_n_sus of opinion on the subjects dealt with.

3‘5 i LA o P Ay

2) They have the form of recornrnendabons for international use and !hey are accepted by the National

Committees in that sense.

3) In order to promote international unification, the IEC expresses the wish that all National Committees
should adopt the text of the IEC recommendation for their national rules in so so far as national conditions will
permit. Any divergence between the IEC recommendation and the corrGSpondlng national rules should as
far as possible, be clearly indicated in the latter. Oy Pavm s

s Voyi g e Yoy

M D, el

This standard has been prepared by IEC Technical Committee No. 36: Insulators.

This second edition of IEC 507 replaces the first edition issued in 1975 which had the

status of a technical report. ’,_;J U

The text of this standard is based on the following documents:

Six Months’ Rule Report on Voling

38(CO)72 36(C0)75

Fullinformation on the voting for the approval of thls standard can be found in the Voting
Report indicated in the above table. puiid e T

The following IEC publications are quoted in this standard:
Publications Nos. 60-1 (1989): High-voltage test techniques. Part 1: General definitions and test requi-
rements. i
60-2 (1973): Part 2: Test procedures.

71-1 (1976): Insulation co-ordination. Part 1: Terms, definitions, principles and rules.
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ARTIFICIAL POLLUTION TESTS ON HIGH-VOLTAGE INSULATORS
TO BE USED ON A.C. SYSTEMS

SECTION ONE - GENERAL

1  Scope

This standard is applicable for the determination of the power frequency withstand charac-
teristics of ceramic and glass insulators to be used outdoors and exposed to poliuted
atmospheres, on a.c. systems with the highest voltage of the system ranging from 1 000 V
up to 765 kV. .

These tests are not directly applicable to greased insulators or to special types of insu-
lators (insulators with conductive glaze or covered with any organic insulating material).

2  Object _ Y g

Tt

The object of this standard is to pLégcﬁbe procedures for artificial poliution tests appli-
cable to insulators for overhead lines, substations and traction lines, and to bushings.

1A 5

3 Definitions
For the purpose of this standard, the following definitions apply.

3.1  Test voltage ' o

The r.m.s. value of the voltage with which the insulator is continuously enefgized
throughout the test.

3.2 Short-circuit current (1;.) of the testing plant

The r.m.s. value of the current delivered by the testing plant when the test object is short-
circuited at the test voltage.

3.3 Speclfic creepage distance (L ) of an insulator o = gt
i (."."'Y-?l'fkj i) TR
The overall creépag_e distance L of an insulator divided by the product of the test voltage
and V3; it is generally expressed in mm/kV. v Y
&5 i gperfig ot U T

3.4 Form factor of an insulator (F) 3 NI L

reckoned.

iR
. >
v .,.fu-
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The form factor Is given by the area under this curve and calculated according to the formula:

d/

p)

T
n
ok—“.rﬁ

3.5 Salinity (S,)

The concentration of the solution of salt in tap water, expressed by the amount of salt
divided by the volume of solution; it is generally expressed in kg/m?.

3.6  Pollution layer

A conducting electrdlytic layer on the insujator surface, composed of salt plus inert
materials.

The conductance of the pollution layer on the insulator is measured in accordance with 16.1.

3.7 Layer conductivity (K)

The conductance of the pollution layer muitiplied by the form factor; it ‘is generally
expressed in puS.

3.8 Sait deposit density (SDD)

The amount of salt in the deposit on a given surface of the insulator (metal parts and
assembling materials are not to be included in this surface), divided by the area of this
surface (see 16.2); it is generally expressed in mg/cm2.

3.8 Degree of poliution

The value of the quantity (salinity, layer conductivity, salt deposit density) which charac-
terizes the artificial pollution applied to the tested insulator.

3.10 Reference salinity

The value of the salinity used to characterize a test.

3.11 Refarence layer conductivity

The value of the layer conductivity used to characterize a test: it is defined as the
maximum value of the conductivity of the wetted layer of an insulator energized only for
performing the conductance measurements.

3.12  Reference sait deposit density

The value of the salt deposit density used to characterize a test: It is defined as the average of
the salt deposit density values measured on a few insulators (or on parts of them), which are
chosen for this purpose from among the contaminated ones prior to their submission to any test.

—_—
‘.\.

3.13  Specified withstand degree of pollution

The reference degree of pollution at which an insulator shall withstand the specified test voltage
in at least three tests out of four, under the conditions described in the relevant clauses 11 or 18.

)
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3.14 Maximum withstand degree of pollution

The highest degree of pollution at which at least three withstand tests out of four can be obtained
at the specified test voltage, under the conditions described in the relevant clauses 11 or 19.

3.15 Specified withstand voltage

The test voltage at which an insulator shall withstand the specified degree of poliution in at least
three tests out of four, under the conditions described in the relevant clauses 11 or 18.

3.16 Maximum withstand voltage

The highest test voltage at which at least three withstand tests out of four can be obtained at the
specified degree of pollution, under the conditions described in the relevant clauses 11 or 18.

SECTION TWO - GENERAL TEST REQUIREMENTS

4 Test methods
The two following cg}égoﬁes of pollution test methods are recommended for standard
tests:

— the salt fog method (section three) in which the insulator is subjected to a defined
ambient pollution;

— the solid layer method (section four) in which a fairly uniform layer of a defined solid
pollution is deposited on the insulator surtace.

NOTE - In these test methods the voltage is held constant for a period of at least several minutes.
Variants in which the voltage is raised continuously to flashover are not standardized but may be used for

special purposes.

5 Arrangement of insulator for test
< '“i' R

5.1 Test conﬁgyfatfbn v

The insula af_shal_l!;ﬁ}?_e_rgg&d in the test chamber, complete with the metal fittings which
are invariably associated with it. The vertical position is in general suggested for compa-
rison of different insulator types. Tests in other positions (inclined, horizontal) duplicating
actual service conditions may be carried out when agreed between the manufacturer and
the purchaser. When there are special reasons not to test insulators in the vertical position
(e.g. wall bushings and circuit-breaker longitudinal insulation), only the service position
shall be Gonsidered. - SR A U

i oy Fh . S ELE R

The minimum clearances between any part of the insulator and any earthed object other
.than the structure which supports the insulator and the columns of the nozzles, when
used, shall be not less than 0,5 m per 100 kV of the test voltage and in any case not less
than 1,5 m.

The configurations of the supporting structure and the energized metal parts, at least
within their minimum clearance from the insulator, shall reproduce those expected in
service. The arrangement of the nozzles and their construction are described in clause 8.
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As regards the influence of capacitive effects on the test results, the following consider-
ations ‘can be drawn from the avallable experience:

- fittings are deemed not to affect the results's gnificantly, at least for test voltages up
to 450 kV; ' -

- Internal high capacitance can have some effect on the external surface behaviour,
particularly in tests with solid layer methods.

5.2 Cleaning of insulator =

The insulator shall be caretully cleaned so that all traces of dirt and grease are removed.
After cleaning, the insulating parts of the insulator shall not be touched by hand.

NOTE - If necessary, the metal parts and the assembling materials should be painted with a salt water
resistant paint to ensure that no corrosion products wash down onto the insulating surface during the test.

L A T S n . . I o N I )
- 3id T far

Water, preferably heated to about 50 °C, with the addition of trisodium phosphate or
another detergent, shall be used, after which the insulator is to be thoroughly rinsed with
tap water. The surface of the insulator is deemed to be sutficiently clean and free from any
grease if large continuous wet areas are observed.

Before every subsequent contamination the insulator shall be again thoroughly washed
with tap water only, to remove all traces of poliution.

6 Requirements for the testing plant

6.1 Test voitage

The frequency of the test voltage shall be between 48 Hz and 62 Hz.

;G th, oy ie
In general the test voltage coincides with the highest voltage (phase to earth vaiue) the
insulator is required to withstand under normal operating conditions. For equipment, it is
equal to UmN‘Ex—. U, being the highest voltage for equipment (see IEC 71-1). It is higher than this
value when testing insulators for phase to phase configurations or for isolated neutral sys-
tems. ’

6.2 Minimum short-circuit current

In the artificial pollution tests, the testing plant needs a short-circuit current (I,.) higher
than in other types of insulator tests. This means that l,. must have a minimum value
which varies with the test conditions; moreover there are also requirements on other para-
meters of the testing plant.

The minimum value of lee Use min) iS given in figure 1 as a function of the electrical surface
stress of the insulator under test, expressed in terms of its specific creepage distance L.

Besides the above requirement of lse min Value, the testing plant shall comply with the two
following conditions: o

- Tresistance/reactance ratio (R/X) equal to or higher than 0,1:

= capacitive current/short-circuit current ratio(!clls c) within the range 0,001 - 0,1.
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|
More information on the criteria followed to _assess the above requirements Is given in
appendix A.

I

When the value of /__ of the testing plant, although highel_r__th,an__G_;A. does not comply with
the limits given in figure 1, the verification of a specified withstand characteristic of a
polluted insulator (see clauses 11 and 18) or the determination of its maximum withstand
characteristic (see appendix B) can still be performed, provided that the source validity is

directly ascertained by the following check.
In each individual test of this investigation, the highest leakage current pulse amplitude is
recorded and its maximum value (4 max) determined considering the three tests resulting

in withstand, in the withstand conditions.

The [ . value shall comply with the expression below:

/9 ——
/. being given in r.m.s. and h max IN Peak value. -

More details are given in appendix A. s s

Since the leakage currents can be used for the interpretation of the results, it is recom-

mended that suitable devices be arranged in order to record these currents during artificial
poliution tests. R EWE B T

SECTION THREE - SALT FOG METHOD

.i__‘_—‘_
Sommme
7 Salt solution

The salt soiution shall be made of sodium chloride (NaCl) of commercial purity and tap
water. = e " x

NOTE - Tap water with high hardness, for example with a content of equivalent CaCO, greater than 350
g/m*, can cause limestone deposits on the insulator surface. In this case the use of deionized water for
preparation of the salt sclution is recommended.

Hardness of tap water is measured in terms of content of equivalent CaCOa'.

The salinity used shall have one of the following values: 2,5-3,5-5-7-10-14- 29 - 28
-40-56-80-112-160and224kg/m3. :

The prescribed tolerance error in salinity is £5 % of the specified- value.

It is recommended that the salinity be determined either by measuring the conductivity or
by measuring the density with a correction of temperature.

Ty
Table 1 gi\(fes the correspondence between the value of salinity, volume conductivity and
density of the solution at a temperature of 20 °C.

* In accordance with the Condensed Chemical Dictionary, revised by G. Hawley - Encyclopedia of Chemistry;
Van Nostrand Reinhold Company, New York (USA), 1971.
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When the solution temperature is not at 20 °C, conductivity and density values shall be
corrected.

The temperature of the salt solution shall be between 5 °C and 30 °C, since no experience
is available to validate tests performed outside this range of solution temperature.

Table 1 - Salt-fog method: correspondence between the value
of salinity, volume conductivity and density
of the solution at a temperature of 20 °C

Salinity Volume conductivity Density —’
S S20 A2
kg/m? Sim kg/m?
25 0,43 =
a5 0,60 o =
5 0,83 : -
\I\J 7 e 1,15 -
lU\ 10 16 =
22 ) -
(] ——,
20 30 -
Y I‘-fﬂ.n) 8 4.1 , 1018,0
40 56 . 10259
'ﬂh‘“ 56 - 76 — 10373
Vi 8o / 10 10527
—y 112 13 10746
160 17 1104,
A A !
t1a 54 20 1140,0

The conductivity correction shall be made using the foliowing formula:

Gpo =Gy [1-b(0-20)] °
whera: :
8 s the solution temperature (°C)

Og is the volume conductivity at a temperature of @ *C (S/m)

G50 is the volume conductivity at a temperature of 20 °C (S/m)

b s the tactor depending on temperature 8, as given below:

8(°C) b
5 0,03156
10 0,02817
20 0,02277
L 30 0,01905

NOTE - For other values of temperature 6, within the range 5 °C - 30:°C, the factor b is obtained by inter-
polation. .
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The density correction shall be made using the following formula:

Ayg = Ag [1+ (200 + 1,3 Sa) (8 - 20) x 1076

where:
(] is the solution temperature (°C)

is the density at a temperature of 6 °C (kg/m3)
is the density at a temperature of 20 °C. (kg/m?)
§_  is the salinity (kg/m3)

/ 'é) ?}m‘”)huri,)w>

oS J”ﬂ' 7 %?'A’l\}

This correction formula is Sﬁy valid for salinities over 20 kg/m?. /

8 Spraying system 3 -

W= e
— . .

The fog is produced in the test chamber by means of the specified number of sprays which
atomize the solution by a stream of compressed air flowing at right angles ‘to the solution
nozzle. The nozzles consist of corrosion resistant tubes, the internal diameter of the air
nozzles being 1,2 mm £ 0,02 mm and the internal diameter of the solution nozzle being
2,0 mm £ 0,02 mm. Both nozzles shall have an outside diameter of 3,0 mm + 0,05 mm and
the ends of the nozzles shall be square-cut and polished. 5

i

= ; T

The end of the solution nozzle shall lie on the axis of the air nozzle to within +0,05 mm.
The distance between the end of the compressed air nozzle and the central line of the
solution nozzle shall be 3,0 mm + 0,05 mm. The axes of the two nozzles shall lie in the
same plane to within £0,05 mm. Ty B

kg vl s
Figure 2 shows a typical construction of the fog spray nozzle.

5 Nt o=
‘_‘-.‘.'\ P LA

The sprays shall be in twgl columns_parallel to and on opposite sides of the insulator which
shall have its axis in the same Plane as the columns, i.e. a vertical insulator is tested with
vertical columns and a horizontal insulator with horizontal columns. In the case of an
inclined insulator (see figure 3) the plane containing the insulator and the columns shall
intersect the horizontal plane in a line at right angles to the insulator axis; in this case, the
axis of the solution nozzles is vertical. The distance between the solution nozztes and the

insulator axis shall be 3,0m=+0,05m.
frkl, B0

The sprays shall be spaced at 0,6 m intervals, each spray pointing at right angles to
the column axis towards its counterpart on the other column and within an angle of 1°
to the plane of the sprays. This alignment can be checked for vertical sprays by lowering
the solution nozzle, passing water through the air nozzie and directing it towards the
opposing spray; afterwards, raising the solution nozzle to the operating position. The mid-
point of the insulator shall preferably be in line with the mid-points of the columns of
sprays. Both columns shall extend beyond each end of the insulator by at least 0,6 m.

PN i) Nk g e
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The minimum number N of sprays per column shall be, for a length H in metres of the
insulator:

. The sprays shall be supplied with filtered, oil-free air at a relative pressure of 700 kPa *
35 kPa. 9

‘The flow of solution to each spray shall be 0,5 dm3¥/min‘+ 0,05 dm¥min for the period of

the test, and the tolerance on the total flow to all"sprays shall be +5 % of the f_?_f_“_ifli'
value. ; Y

3§ Conditions before starting the test

The test shall start while the insulator, cleaned according to 5.2, is still completely wet.

- : . 7,
%"”1\ Chptaveer L T //{/ &
At the start of the test the insulator shall be in thermal equi!ibﬁum with the-air in the test /", - i
chamber. In addition, the ambient temperature shall be notTess than 5 °C’nor greater than . -
40 °C and its difference from the temperature of the water solution shall’not exceed 15 K. ' R
LB g TR L _
WU v AN Neyd Y of 3o
The insulator is energized, the salt-solution pump and air compressor are switched on, . ;: "',"" '
i

and the test is deemed to have started as |soon as-the-compressed air has reached the
normal operating pressure at the nozzles. ; T
pERINg B R LN L (ﬂu&ﬂw7 [o 2pmin

Vil : s
i! o0 g ,9 :F{*Q/I

The insulator, prepared in the normal way, is subjected toithe test voltage at the reference
salinity for 20-min, or until the insulator flashes over; if tw_smator does not flash over,
the voltage is raised in steps of 10 % of the test voltage evelﬁmin until flashover.

;
baln 3 7LA

10 Preconditioning process

After flashover, the voltage is reapplied and raised as quickly as possible to 90 % of the
previously obtained flashover voltage, and thereafter increased in steps of 5 % of the
initial flashover voltage every 5 min until flashover. The last process is repeated six further
times, in each of them the voltage Is raised rapidly to 90 % of the last obtained flashover
voltage and then in steps of 5 % every 5 min until flashover. After the eight flashovers, the
fog shall be cleared, the insulator shall be washed down with tap water and then the
withstand test (see clause 11) shall start as soon as possible.

The characteristics of the voltage source in the preconditioning process shall be not lower
than those used as references in the withstand test (see clause 6).
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If the preconditioning process performed at the reference salinity requires _excessively high
voltages, the use of higher values of salinity for the preconditioning Is allowed. If, in spite
of this expedient, the voltage required remains too high, s er sections of the insulator
may be separately preconditioned using adequate procedures to avoid overstressing of
the internal insulation, if any (e.g. in the case of arresters or bushings).

L

b
~ Tt

11 Withstand test

The object of this test is to confirm the specified withstand salinity of the insulator at the
specified test voltage. - %

The test shall start when the test insulator and the chamber conditions tulfil the require-
ments given in clause 8 and after the preconditioning of the insulator according to clause 10.

A series of tests are performed on the insulator at the specified test voltage, using a sait
solution having the specified test salinity in accordance with clause 7. The duration of
each test shall be 1 h, if no flashover occurs before that time has elapsed. The insulator
shall be carefully washed with tap water before each subsequent test.

12 Acceptance criterion for the withstand test oo g 5 =

h‘:‘: G on ey ["‘-J >
The insulator complies with this specification if no flashover occurs during a series of
three consecutive tests in accordance with the procedure in clause 11. If on!y one flash-
over occurs, a fourth test shall be performed and the insulator then passes the test if no

flashover occurs.

NOTE - For research purposes the withstand characteristics of an insulator can be determined. Practices
for fs/so_sgi_rlg or checking these characteristics are given in appendix B.

SECTION FOUR - SOLID LAYER METHODS

Rer I

13 Composition of the contaminating suspension-
A suspension shall be Prepared using one of the two following compoaositions:

13.1  Kieselguhr composition

It consists of:
- 100g Kjg§9lguhr (dieigmaceous earth, diatomite), see clause 14:
- 10g¢g highly-disgersed silicon dioxide, particle size 2-20 nm;
— 1000 g tap water;

— asuitable amount of NaCl of commercial purity.

When the volume conductivity of tap water is higher than 0,05 S/m, the use of demin-
eralized water is recommended.

7 G
L, -
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a0

To achieve the reference degree of pollutioryé the insulator under test, with the pre-
scribed tolerance of +15 %, an appropriate value of volume conductivity of the prepared
suspension is to be determined by submiitting the insulator itself (or a part of it) to
preliminary contamination trials. The desired volume conductivity is reached by adjusting
the amount of salt in the suspension. As an approximate guide to start the trials, table 2
below gives an approximate correspondence between the reference degree of pollution on

the insulator and the volume conductivity of the suspension at a temperature of 20 °C.

Table 2 - Kieselguhr composition: approximate correspondence between
the reference degrees of pollution on the insulator and the volume
conductivity of the suspension at a temperature of 20 °C

Reference degrees of pollution . —[
for Kieselguhr composition
Volume cond uctivity
Satlt deposit density Layer conductivity of the suspension

SDOD KZO = 9o
mg/cm? HS S/m
0,0176 7 021
0,025 - 10 o -0,30
0,0353 17 042
0,005 - - 20 0,60
0,0705 28 0,85
0,1 40 1,20
0,141 56 1,69
0,20 80 2,40

13.2  Kaolin (or Tonoko) composition
It consists of:

= 40 g Kaolin (or Tonoko), see clause 14;
- 1000 g tap water: - EPTS E S
- a suitable amount bt NaCl of commercial purity. i

———

When the volume conductivity of tap water is higher than 0,05 S/m, the use of"&emin-
eralized water is recommended. .
To achieve the reference degree of pollution on the insulator under test, with the pre-
spﬁged tolerance of +15 %, an appropriate value of volume conductivity of the prepared
_ Suspension is to be determined by submitting the insulator itself “(or part of it) to Ppreli-

minary contamination trials.- The desired vol :%e conductivity is reached by adjusting The
amount of salt .- T :

u salt in the suspension. (aQ 0V ‘{\w"
-\e.‘/\ Q\Y}I (ﬂw\"

As an approximate guide to start the trials, table 3 below gives an approximate corre-
spondence between the reference degree of pollution on the insulator and the volume
t a temperature of 20 °C, in the case of standard cap and
a vertical position in normal ambient conditions. The
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Table 3 - Kaolin (or Tonoko) composition: approximate correspondence between

the reference degrees of pollution on the insulator and the volume

conductivity of the suspension at a temperature of 20 °C

Reference degrees of pofiution
for Kaolin (or Tonoko) composition
Volume conductivity
Salt deposit density Layer conductivity of the suspension

SDD Ky Sug
mg/cm? usS S/m

0,025 3 1
0,035 42 1.4

0,05 55 2
0,07 8 2,8

0,1 1 ks
0,14 14,5 56

02 20 8
0.28 27 1.2

04 a7 16

14  Maln characteristics of inert materials

Ranges of values for the main characteristics of the types of Kieselguhr, Kaolin and
Tonoko that are used for the suspensions are given in the following table 4.

Inert materials having other names, but whose characteristics are proved to match with
the same ranges of one of the above-mentioned types, may be used in place of that type.

Table 4 — Main characteristics of the inert materials used

in solid layer suspensions

: ; Volume
Type of S (urmiaive doutaction conductivity
inart material % pm 9o
Sio,, AL,O, Fe,0, H,0 16 % 50 % 84 % S/m
Kieselguhr (@' 5-25 0.5-6 7-14 0,1-0.2 | 0,41 2-10 | 0,0015-0,02
’ 40-50 30-40 0,3-2 7-14 0,1-0,2 0,4-1 .2-10 0,0015-0,02
Tonoko 60-70 10-20 4-8 - 0,8-1,5 3.5 8-15 0.002-0,01
NOTES

1 Granulometry distribution gives the values of the hole d

the quoted percentages of the total mass of particles passes.

2 Volume conductivity for the characterization of inert m
ized water.

I o ¥

iameter of a sieve in pm through which one of

aterial is determined with the use of deminaral-
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15 __Application of the pollution layer

The suspension prepared using one of the compositions described in clause 13 shall be
applied by spraying or flowing on the dry insulator, previously cleaned according to 5.2, to
“obtain a reasonably uniform layer. Alternatively the insulator may be dipped in the suspen-
sion, provided its size makes this operation possible. T

&

NOTES
1 The use of a probe (see appendix C) is suggested for a check on the wet layer, when the uniformity
does not appear to be satisfactory during visual examination.

2 The artificial layer may be applied on the insulator surface by spraying the prepared suspension
through one or two nozzles of a commaercial type spray gun. The direction of the spray nozzles shall be
adjusted to ensure a reasonably uniform layer on the whole insulator surface. A distance of about 20 cm to

40 cm between the spray nozzle outlet and the rim of the insulator shed has been found satisfactory. It is
desirable to keep the suspension stirred. T TR N W ey

The required degree of pollution on the insulator may be obtained by repeated applications.

8 The coating time can be reduced by preheating the insulator. In this case the complete insulator

should be in thermal equilibrium with the air in the test chamber at the start of the test. The coating time
can also be reduced by drying the layer between successive applications.

Cther techniques are suitable and can alse be used. For instance the practice of flooding the prepared
suspension over the insulator surface, until it is flowing-on (“flow-on” technique), is particularly suitable for
large or long insulators, when Kaolin or Tonoko compositions are used.

4 A preconditioning process, as specified for the salt fog test, is not necessary with the solid layer
methods. More details are given in clause D.1.

The layer shall be left to dry prior to the submission of the insulator to the:test. More
details are given in clause D.2.

16 Determination of the dégree of poliution of the tested insulator

The degree of poliution of the tested insulator, expressed in terms of layer con'ductivity or
salt deposit density, is determined as follows. &

16.1  Layer conductivity (K)

/

As already mentioned, the layer conductivity is calculated by multiplying the layer conduc-
tance measured on the unenergized insulator by Its form factor. -

The layer conductance measurement is repeated on the insulator during its wetting, with
the aim of determining the maximum value reached.

Each measurement of the layer conductance consists of applying to the insulator a voltage
not lower than 700 V r.m.s. per metre of overall creepage distance and measuring the
current flowing through the wet layer. The voltage must be applied only long enough to
read the meter.

When higher voltage values are used, the measuring time shall be short enough to avoid
serious error due to heating or drying of the poliution layer. To this aim It shall be checked
that neither surge activity nor amplitude variations affect the shape of the measured
current.

87
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The layer conductivity shall be related to the reference temperature of 20 °C, using the
following formula: ‘ W,

Koo = Ky [1- b (6 -20)] g 7F . _ g

where: S
8 is the temperature of the insulator surface (°C) 5 -7

Ke

Kao

!
b is the factor already defined in clause 7. —

is the layer conductivity at a temperature of 8 °C (uS) & SRR o

is the layer conductivity at a temparature of 20 °C (uS) / LA - H o ;e

16.2 Salt deposit density (SDD) Y By

The deposit is removed and carefully collected from the surface of a separate insulator (or SO
from a part ), identical to the tested one and contaminated in the same way. The vy
whole surface of this insulator, or the upper and lower surfaces separately, are cleaned for i I

this purpose, excluding metal parts. More details' are given in clause D.6. 72

.ﬂ_.,-—-—~—__~—-———-1
in the -case whﬁte_nnlx_.one_qdmdncal msutaton is avaﬂamg_for test, measurement of salt

re-polluted by re-apply!ng the pollutlon Iayer

After the contaminating operation on the insulator (or part thereof) chosen for SDD measu-
rement, the drops shall be removed carefully before drying the layer. In this way, errors

-

can be avoided in quantifying the degree of poliution really effective in the test. J X

_ = g eamme = e A
=TT R e’ ' L inans 7o

The deposit is then dissolved in fa %@M@er. preferably demineralized ¢
water. The resulting suspension is K&prStifred for at least 2 min before the measurement .7 :
of its volume conductivity ¢, (S/m) at the temperature 6 (°C). Then the value c,, is ',F )
obtained from g, by the same relationship as that given in clause. 7 .
S ot fm,

The salinity S, (kg/m?) of the suspension is determined, when 020 |s within the range | , &Jr A,
0,004-0,4 S/m, by the use of the following formula: N Y

4% ‘/ f Iﬁ % g 5’1,. ) ""
] Sa = (5.7 Gzo) 1'03 O - HEJA-./" -

The salt deposit density SDD (mg/cm?) is then obtained by the following tormula: 7 o

whare: (,J\"° L?‘“\“"’"@\.[ﬂ 7 i

.
>t

sop = 2V by 1
= S e L A
| ]

V is the volume of the suspension (cm?) (V- Banmi v s nvmuew ) hiaid PN ¥l P

A is the area of the cleaned surface (cm?) ' o W
P

P =
GO &b sasgT

17 General requirements for the wetting of the pollution layer ., 2 Mg -r

- 5 ro.ean Al men! ‘./J/‘,
The test object shall be wetted Mans of fog generators which provide an uniform fog ( e
distribution over the whole length and all around the test object. The temperature of the ' - ' LTk
test object at the beginning of the wetting shall be within 2 K of the ambient temperature e 74 (71, L
in the test chamber. A plastic tent, surrounding- the test object may be used to limit the ( 1‘7 -

volume of the test charnber TR i S :? '
VYLD fo ;
( s . ;=T i ) ‘tvf‘v“ua
S L (/ A _) 2 \r‘w S . o Faray
- Y : ol I
{ TR R~ il t 3 R ’

b T
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The fog generation in the test chamber shall be maintained until the end of each individual
test at a constant steady rate of flow. = ot

; ‘. . N
After a ceftain degree of wetting of the pollution layer is reached, moisture starts to drip
from-the edges of insulator sheds; thus some pollutant content is removed from the layer
and a progressive washing of the test object can be expected.

18 Test procedures
Two alternative procedures are proposed, basically differing in the layer conditions, wet or
dry, of the test object at the instant at which the test voltage is applied to it.

The main rules relevant to the two test procedures are given below.

18.1 Procedure A - Wetting before and during energization

For this procedure, the insulator is contaminated using- either Kieselguhr composition
(see 13.1) or Kaolin (or Tonoko) composition (see 13.2). The degree of pollution is gener-
ally expressed in terms of layer conductivity, but the salt deposit density may be used
also.

The insulator is prepared for the test according to clause 15 and placed in its test posmon
in the chamber, when the fog generation is started.

Steam fog should preferably be used to wet the poliution layer.

A steam fog generator, consisting of a distribution pipe, with nozzles spaced at equal
distance, is shown in figure 4, as an example.

NOTE - Instead of the steam fog, it is permitted to use a fog generated with nozzles spraying warm or
cold water (see as an example the device in figure 2), provided that this fog gives the recommended uni-

form wetting.

When this variant Is used, before starting the test, cooling of the test object may be advantageous.

For the evaluation of the layer conductivity, layer conductance measurements are 'per-
formed on the test object according to 16.1.

The flow rate of the fog input in the chamber, at normal ambient temperature, shall be
sufficiently high to ensure that the layer conductivity reaches its maximum value within
20 min to 40 min from the start of the fog generation. The maximum value of the layer
conductivity measured in the test Is assumed to be the reference layer conductivity.

The test voltage is then applied, either instantaneously or during a time not exceeding 5 s,
and maintained untll flashover, or for 15 min if no flashover occurs.

..... g mp B : oy
! : S =% The iy &

The insulator is than removed from the fog chamber and allowed to dry. It is placed for the
second time in the chamber and re-wetted by the fog until the layer conductivity reaches
its maximum value; If this is not lower than 90 % of the above-mentioned reference value,
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(see 16.2).
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the test voltage is applied again and maintained until flashover; or for 15 min if no flash-
over occurs; if It is lower than S0 %, the pollution layer shall be applied again to the
insulator, according to clause 15.

o

~

AL YA

No more than two consecutive tests shall be performed on an insulator with the same

pollution layer.

18.2 Procedure B - Wetting after enekgization

For this procedure, the insulator is contaminated using Kaolin (or Tonoko) composition
(see 13.2). The degree of pollution is generally expressed in terms of salt deposit density

et

NOTE - Measurements of the layer conductance are generally not requested. On agreement between the
manufacturer and the purchaser, they may be performed during the wetting on a separate, unenergized
insulator, identical to the one tested (or to a part of it) and contaminated in the same way.

The insulator is prepared for the test according to clause 15 and placed in its test position
in the chamber with the pollution layer still dry. '

Steam fog shall be used for wetting the pollution layer.

The fog generators shall be under the test object as close as possible to the floor level. In
all cases they shall be at least 1 m away from the test object and their flow shall not be
directed towards it.

The steam input rate in the chamber shall be zero until the test voltage is applied and
constant thereafter. At normal ambient temperature, the steam input rate shall be within
the range 0,05 kg/h £ 0,01 kg/h per cubic metre of the test chamber volume. In particular
test conditions this value may need some adjustment through a direct check of the wetting
action of the fog as described in clause D.3.

S T n, D
The test voltage is maintained; until flashover occurs. Othfenvise it is maintained for
100 min from the start of the test or until the current peaks, if they are measured, have
decreased to values permanently lower than 70 % of the maximum peak recorded. More

details are given in clauses D.4 and D.5. :

For this procedure the pollution layer is used only once.

19 Withstand test and acceptance criterion (common to both Procedures A and B)

The object of this test is to confirm the specified withstand degree of pollution at the
specified test voltage. The insulator complies with this specification if no flashover
occurs during three consecutive tests peﬁ@fmed in accordance with 18.1 for Procedure A
or with 18.2 for Procedure B. A

If only one flashover occurs, a fourth test shall be performed and the insulator then passes
the test if no flashover occurs.

NOTE - For research purposes the withstand characteristics of an insulator can be determined. Practices
for assessing or checking these charactaristics are given in appendix B,

s~
-

90
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Coupe a angle droit et polie
Square-cut and polished

Air comprimé
Compressed air

60

Solution

CH-[EC 20791

Dimensions en millimétras — Dimensions in milimetres

Figure 2 — Construction type d'un pulvérisateur de brouillard
Typical construction of fog spray nozzie
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* ’co min {A-rf}

' ’lc min (Arml}

Courant de court-cicuit minimal

Minimum short -clreult current

Figure 1 —

- 36—
I [ | I | I 1
A
18— | mmikv o
ms
Il:c min
L <16 = 6
{
14 — *c min
!cc min
— |16 - _ —
= L' L Itc min I L'l 10
10
I
!
6 .
L | | | |
8 12 16 20 24 28’
Ligna. f:le fuite spécif'iqua L, (mm/kv)
Specific creepage distance *
CEI-IEC 20691

Courant de court-circuit minimal, Icc mi“,'requis pour l'installation
d'essai, en fonction de la ligne de fuite specifique, L_, de
Iisolateur en essai. (L'expérience dont on dispose n’est pas suffi-
sante pour donner des valeurs de lee min POUr les essais avec des
lignes de fuite spécifiques supérieures a 25 mm/kV.)

sc min® F@Quired for the testing plant,
as a function of the specific creepage distance, L, of the insulator
under test. (The available experience is deemed insufficient to
give /. in Values for tests at specific creepage distances higher

than 25 mmvkV.)

Minimum short-circuit current, /

507 © VKl
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14— |

/

12
\\H

16— ] |

TIrrTrTrrreT

-uuan

12

13

12 13 )\
14

“

1 = chaudiére & basse pression de capacité d’environ 20 |
2 = chauffage électrique: 12 bobines chauffantes de 3 kW

3
4
5
6
7
8
9
10

11
12

13

14

=

chacune

vanne régulatrice d'alimentation d'eau

pompe d'alimentation de la chaudidre: 50 Ih, 1 bar
alimentation en eau adoucie

afimentation en air comprimé

vanne ajustable de pression de I'air comprimé
manométre: 0 bar & 5 bars

vanne dair comprimé, commande électrique 2
distance

ajutage dmjection: 7,5/16 mm de diamétre

tuyau 4 ajutages multiples. Trois tuyaux & ajutages
ayant chacun 1,5 m de longueur et un tuyau intermé-
diaire sans ajutages pour des installations dlevées.
Hauteur totale, hors tout, & partir du sol: 11 m; diamé-
e intéreur du tuyau inférieur: 120 mm: diamétre
mtérieur des tuyaux réduit par paliers jusqu'a 50 mm
pour le tuyau supérieur

ajutage, diamétre intérieur: 1,6 mm; distance entre
deux ajutages consécutifs: 30 mm

tente en matidre.plastique

15 = objet & essayer

14

1
2

O ®ONOGN AW

10

11
12

13

14
15

Ll

P77 7777777777,

24 m

CEI-I[EC 2089]

= low-pressure boiler, capacity about 20 |
= electrical heater: 12 heating coils, each of 3 kW

= feed-water regulator valve

- pressure-equalizing pipe - -

= boiler feed pump: 50 h, 1 bar

= connection for softened vrater:‘,

= connection for compressed air

= adjustable compressed-air reduction valve

= pressure gaugs: 0-5 bars o

= compressed-air valve, electric rémote controf

= injector nozzie: 7,5/16 mm diameter

= multipart nozzle pipe. Three nozzie pipes, each of
1.5 m length, and one_intermediate pipe without
nozzies for elevated instalfation. Overall total height
from ground: 11 m; intemal diameter of the lower
pipe: 120 mm; intemal diameter of the pipes re-
duced in stops to 50 mm for the upper pipe

= nozzle, intemal diameter: 1,6 mm: distance be-
tween adjacent nozzles: 30 mm

= plastic tont
= tost object

Figure 4 — Disposition type d'un générateur de brouillard A base de vapeur
Typical arrangement of steam-fog generator
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Position des pulvérisateurs
Spray nozzle -positions

Direction du jet
Direction of spray

Axe des ajutages de solution: vertical

Solution nozzle axis: vertical \;)IQ‘

angle d’inclinaison

@ = angle of inclination

186175

Figure 3 — Disposition d'essai pour isolateurs inclinés
Test layout for inclined insulators
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M Appendix A

\ :
Supplementary information on the assessment of
the Tequirement for the testing plant

Many laboratories have provided measurements of the highest leakage current pulse
amplitudes }, occurring on a polluted insulator throughout the duration of all individual
withstand tests in withstand conditions (see appendix B), which have been examined. The
table below gives for the ditferent levels of the electrical surface stress and for the speci-
fied conditions of the testing plant (clause 6) the maximum }, values (4 may) recorded on
all insulator types in any test position.

NOTE - These /
those mentioned above, for example when the

! Specific creepage L
distance"® - Ls ax
mmv/kV Apea.k
16 0,55
20 0,85
25 135
* Creepage distance divided by the product of the test voltage
and V3.

withstand test in withstand conditions.

if the ratio Iscﬂh m

more influenced by the ratio itself, ca
tory experience, this limiting value is
surface stress given in the table above.

As regards the ratio I/, the s
particular the lower limit is gen
source capacitance, the lum

capacitances of the circuit.

4 Values may be exceeded when an insulator is te

ax IS considered, I, being defined in 6.2, its limit value, above which test
results (e.g. withstand voltage or withstand degree of poliution, see appendix B) are .no
n be determined. On the basis of the available labora-
estimated as equal to 11 in the range of the electrical )

[ ©
Ja S

pecified limits-are usually met b
erally complied with due to

sted in conditions more critical than
flashover probability is higher than that corresponding to a

Y several testing plants. In
the amount of the equivalent
ped capacitance (bushing and voltage divider) and the stray
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Appendix B

Determination of the withstand characteristics of insulators

Sections Two, Three and Four deal with the verification of the specified withstand degree
of pollution, at the specified test voltage. In addition, however, _xhe charactenstscs of an
insulator can be determined over a range of voltags, or, iA other words, ‘over a range of
specific creepage distances of the insulator itself. To do this the maximum withstand de-
gree of poliution is measured at different voltage levels or, in some other cases, the maxi-
mum withstand voltage, or the 50 % withstand voltage, at different reference degrees of
pollution values. Examples of procedures for such evaluations are described below.

Directions for checking the Iaboratory equipment for, aujnfncnal poliution tes:s] when re-
(no Ul RRTLY
quested, are given in clause B.3. (\q QUM W {\«ff‘\’ LA VIMY

ynoh \
B.1 Determination of the maximum wlthstand/éllnlty'at a given test voltage

The insulator shall be subjected to@tesw at a given test voltage and at
different salinities among those hsted in clause 7 The test shall be performed according to

clause 11. T

P

s
ve
PR

The tests can be camed out in any sequence providing that: N

a) when the total number of flashovers at any salinity reaches two, no further tests

shall be carried out at the same or higher salinities; LI A

b) when the total number of thhstands reaches three no further tests shall be carried

A -

out at the same or lower salinities. ~ hmeg A, @ ;

The preconditioning process (see clause 10) shall be performed on the insulator before
the determination of the maximum withstand salinity.

NOTE - When test series of long duration are performed, the insulator may need cleaning, as recommen-
ded in 5.2, and subsequently preconditioned whenever the conditions of the insulator require it.

/

If four withstands are recorded at 224 kg/m?® salinity, the maximum withstand salinity shall
be assumed as being equal to or greater than 224 kg/ms. If one flashover and three with-
stands are recorded at 224 kg/m? salinity, this salinity shall be considered as the maximum
withstand salinity.

B.2 Determination of the maximum withstand voltage, or of the 50 % withstand
voltage, at a given reference layer conductivlty. orata glven reference salt
deposit density - ;

B.2.1 Maximum withstand voltage

A series of tests shall be carried out on insulators having a given value of reference layer
conductivity or reference salt deposit density. Each test shall be carried out at any one of
a number of voltage levels, each of which shall be about 1,05 times the next lowest value.

96

)
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Each test shall be made in accordance with clause 18.

The tests can be carried out in any sequence provided that:

a) when the total number of flashovers at any voltage reaches two, no further tests
shall be carried out at the same or higher voltage levels;

b) when the total number of withstands at any voltage reaches three, no further tests
shall be carried out at the same or lower voltage levels.

I
B.2.2 50 % withstand voltage \\ 2h o) oo ni
&

The insulator shall be\s_u/bj_fect(,_to at least ten "useful” tests at a given reference degree
of poliution. The test shall be made in accordance with 18.2. The applied voltage level in
each test shall be varied according to the up-and-down method. The voltage step shall be
about 10 % of the expected 50 % withstand voltage.
L. t#s

The first "useful” test shouid be selected as being the first one that yselds a result dlﬁerent
from the preceding ones. Only this test and at least nine of the following tests should be
taken as useful tests to be considered to determine the 50 % withstand voltage. The

calculation of the 50 % withstand voltage shall be made using the following formula:

Z(n x U)
USO% - N

whera:
Ui is an applied voltage level
n; s the number of groups of tests carried out at the same applied voltage level U,

N is the numbar of useful tests
8
g

More details on the up-and-down method and processing of the relevant results are to be
found in IEC 60-1.

NOTE - The 50 % withstand voltage is often referred to as "50 % flashover vohage'}

B.3 Withstand values of reference suspension insulators

To facilitate checking of existing or new laboratory equipment for artificial pollution tests,
ranges of values for the withstand characteristics of a few reference suspension insulators
are given in table B.1. These values, which are based on results fram several laboratories,
located at less than 1 000 m altitude above sea level, were obtained according to the

recommendations given in this standard. = *“'C -

* S

NOTE - The reference suspension insulators given in table B.1 are not to be seen as representative of
their respective classes. Their choice does not lr_nf_ly by itself any judgement of merit or any assumption
that they might have better performanee-than other similar types in tests or in operating conditions.
] n -
P ' ) U‘\L.Syl\_m
S T
orted \

i "
¥

v"\\‘fr .
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'Laboratories starting artificial pollution tests or which are located at altitudes higher than
1 000 m above sea level, or which do not commonly use one of the above mentioned test
methods, may expect, in the relevant results, some variation from the ranges of values

given in table B.1.

NOTE - IEC 60-1 states that no humidity correction shall be applied for artificial pollution tests and
informs that air density correction for stch tests is under consideration.

I

Table B.1 - Ranges of values of withstand characteristics of
reference suspension insulators in artificial pollution tests

Single strings in vertical arrangement

Salt fog Solid layer methods1)
- lest
Specific p method Procedure A Procedure B
Insulator type and Appl‘ “;.dg i
number of m:'g Maximum | Meximum | Maximum Maximum | Maximum
unks per string (ems.) withstand | Withstand | withstand | withstand | withstand
saiinhy layer sait deposit | sait deposit layer
conductivity |  density density | conductivity
kV kg/m? us mg/cm? mg/cm? nS
85 7-14 7-14 0,02-0,04
76 2040 14-28 0,04-0,1
101 28-56 14-28 0,04-0,1
81 80-160 2040 0,06-0,15
® units
Ovenall creepage distance: 3 510 mm
20 85 14-28 1440 0,025-0,08
25 68 40-80 28-56 0.06-0,13
1 unit
Overal creepege distance: 2 960 mm
1
) The values of maximum withstand layer conductlvity and maximum withstand salt deposit density for procedure A refer to
tests carried out using the composition of the suspension given in 13.1. Values for procedure B are stlll under consideration.
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Laboratories starting artificial pollution tests or which are located at altitudes higher than
1 000 m above sea lavel, or which do not commonly use one of the above mentioned test
methods, may expect, in the relevant results, some variation from the ranges of values
given in table B.1.

NOTE - IEC 60-1 states that no humidity correction shall be applied for artificial poliution tests and
informs that air density correction for sdch tests is under consideration.

el
M

Table B.1 - Ranges of values of withstand characteristics of

-1
reference suspension insulators i ificial pollution tests

99

%
Single strings in veth\t. | arrangement
i ;
/‘ ‘.‘\\ S'R‘hv ‘ Solid layer methods 1)
test :
Speciic || A#\ mattiod Procedure A - Procedure B
Insulator type and bod
number of ; 9 DARgS Meximum | Meximum | Meximum Maximum | Maximum
unks per string (rms) withstand withetand withstand withstand | withstand
S saiinfty layer salt deposit | salt deposit layer
conductivity | density denslty | conductiviry
kg/m® kS mg/em? mg/cm? 1S
7-14 T-14 0,02-0,04
i S o ST
I T M R
4 2
20-40 14-28 0,04-0,1
e
28-56 14-28 0,04-0,1
25 81 80160 | 2040 | 006015
8 units
Overall creepage distance: 3 510 mm g
20 85 14-28 1440 0.025-0,08
25 68 40-80 2856 0,06-0,13
1 unk
Overall creepage distance: 2 960 mm l
1
! The values of maximum withatand layer canductivity and maximum withstand sait deposit density for procedure A refer to
tests carried out using the composition of the suspension given in 13.1. Values for procedure B are still under consideration,
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Appendix C

Measurement of layer conductivity for checking the
uniformity of the layer

The device for the measurement of the layer conductivity (K) of the wet layer on an insul-
ator surface basically consists of a probe and a meter. As an indication a possible arrange-
ment of such a device is described in the following:

\ "
- Probe (figure C.1) ‘EQQF%.MOF
Two spherical stainless steel élgctrodas, 5 mm in diameter and having a distance of

14 mm between centres, over anging from the probe shall be pressed by hand against

the insulator surface. A constant-surface pressure is obtained by means of a spring <A
mechanism developing a force of about 9 N. wb‘-ét@ﬂﬂ "y /%D o
L "“’M{L{). Aos iy Rtjuﬂ
- Meter (figure C.2) s (_u’f-\ ! Wg‘ﬁ‘ﬁﬂ i V) e
IY\

A voltage source stabilized by a Zenar-diode at 6,8 V supplies the current across the
electrodes and the surfaces between them. The measuring instrument with a full scale
deflection at 50 pA is protected by a diode in parallel.

For thin films with a layer conductivity of 50 puS, the resistance between the electrodes
is assumed to be 32,7 kQ: the respective values for 100 uS and 500 uS layer conductivi-
ty are 16,35 kQ and 3,27 kQ. Each of these resistances is combined with a test battery
inserted in paraliel with the electrodes. The selector switch is used to choose the full
scale deflection for the respective measuring ranges.

- W \5 “A\-}"‘“

The above measurement of layer conductivity shall be carried out at different points of the
insulator surface. The polarization effect shall be taken into account by a momentary
operation of the meter push-button.

1

= i
i ol i 5
0725 0% 5N Lo b e

The uniformity of the layer is deemed acceptabie when the difference between each of the N Uy
measurements and their average, as a percentage of the average value, does not exceed '
the limits £30 %.
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Calibrage
Calibration

Instrument de mesure B
Measuring instrument

200 O
[
10000 c
237 Q E x
— 4 b w
‘1 : 2- ‘J) Electrodes
68V (4] = de la sonde
) 200 O Probe
/ 330 0 7 eloctredes
- H e
sV — I
b & 10
| /
|
|
b csemm e - N
Selecteur de I'intervalle de mesure
L Measuring range selector
CEI-IEC 210091
Instrument de mesure Monl.:uring instrument
Charge nominale 50 pA Charging rate 50 pA
Résistance interne 1,5 kQ Internal resistance 1,5 k2

Figure C.2 - Schéma de I'appareil de mesure

Circuit diagram of the meter
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Figure C.1 — Configuration des électrodes de la sonde
(toutes les dimensions en mm)

Arrangement of the probe electrodes
(all dimensions in mm)
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Additional recommendations concerning the
solid layer method procedures

The additional recommendations given below go more deeply into the practices of the
solid layer methods, providing criteria for auxiliary controls during the tests and preventing
users not yet sufficiently expert in this field from possible inaccuracies.

Clauses D.1 and D.2 are general, while the remaining clauses D.3 to D.6 mainly refer to
procedure B of the solid layer methods.

D.1 Contamination practice ’S\» .
r@“) R

When the spraying or "flow-on" practice is used, the operation can be performed on the
insulator placed in the chamber in its test posi;){n. When the dipping practice is used, the
insulator shall be contaminated before its eréction in the test chamber. If the insulator
consists of several units in series, each of them shall be dipped separately and then be
kept with its axis vertical for the duration of dripping of the contaminant and until the layer
is completely dry. -

If, after the contaminating operation, a blotched layer is observed on the insulator, its
surface shall be washed and cieaned again accordmg to 5.2. Then one or more tnai conta-

minations are performed, each followed by the relevant washing, until a continuous layer

is obtained on the insulator. The tests may then be started. Experience has shown that, in

general, it suffices to repeat the operation several times in order to have the insulator sur-

face ready to be contaminated in a satisfactory way, without using any preconditioning pro-

cess.
D.2 Drying of the pollution layer

Natural drying of the pollution layer on the insulator may be sufficient, provided that it lasts
long enough (6 h - 8 h) while the relative humidity around the insulator is kept not higher
than 70 %. Humidity values lower than this level allow shorter drying times.

- CH. T N A L
If hot air is used to aggg[eiqte the drying of the layer, the method for producing hot air
shall not result in the deposition of material which affects either the wetting of the insulator
surface or the degree of pollution. For instance, some flame combustion may generate oil
substances which may mh:blt the wetting of the insulator surfaces.

Finally the speed of the hot air flow is to be controlled, in order to prevent the removal of
any content of the layer from the insulator surface.

D.3 Check of the wetting action of the fog .
In cases of very low or high outdoor temperature, especially with poor thermal insulation of
the chamber, high altitude, or the presence of turbulence in the chamber, a direct check of
the wetting action of the fog-on the test insulator may be required.
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To this effect, a dummy insulator consisting of a string of at least two units of the standard
cap and pin type of table B.1 contaminated at the SDD value equal to 0,07 mg/cm? shall
be put unenergized in the test chamber, in place of the test insulator, at the same average
height from the floor. While the fog generator is working as in a real test, the current

- flowing through the wet layer of the dummy insulator is measured according to the proce-
dure given in 16.1. The increase of the layer conductance in time shall be monitored and
compared with the reference curve given in figure D.1. If necessary, a re-adjustment of the
fog input rate shall be carried out to ensure that the measured curve matches the
reference one.

D.4 Fog input in the test chamber

The fog shall be produced by steam generated by boiling water in open tanks or by steam
admitted at low velocity through large diameter spray nozzles. The fog input in the test
chamber shall be allowed only after the steam generation has reached its steady rate.
Therefore, when the steam is produced by tanks, they shall be kept covered until the
water inside reaches boiling point.

The insulator shall be positioned so that the visible fog surrounds it as uniformly as
possible.

The temperature rise in the test chamber, measured at the height of the test object, shall
not exceed 15 K by the end of the test.

D.5 Minimum duration of the withstand test

A direct evaluation of the minimum time a test shall last to be considered as a withstand
test, can lead in some cases to times shorter than prescribed in 18.2. To this effect,
measurements of the peaks of the surge current on the energized test insulator shall
4 be performed dunng the test. After the maximum peak is reached, the surge current -
_diminishes_ owrhg to the washing of the layer in progress after its wetting. When the
current peaks have decreased to values permanently lower than 70 % of the maximum

-peak recorded, the withstand of the insulator is definitive and the test can be stopped.
: -

i C
3 o8
‘ © N

@ Evaluation of the reference salt deposit denslity (SDD)

The pollution layer shall be removed completely from the chosen area of the insulator.
To this effect the area shall be wnped at least three consecutive times.

AV AL

¢

As an indication, 2-4 litres of demineralized water per square metre of the cleaned surface
can be used for dissolving the collected deposit. The effectiveness of the removal opera-

tion can be checked by making successive measurements of the residual deposit.

Every contaminating practice leads to some difference in the SDD values measured
separately, on the upper and lower surfaces of the insulator. This difference is affected
both by the insulator shape and the type of the contaminating suspension (see clause 13).
It is suggested that the ratio between a local measurement of SDD and that on the whole
area of the insulator be checked as lying in the range 0,7-1,3.
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

GUIDE FOR THE SELECTION OF INSULATORS IN RESPECT
OF POLLUTED CONDITIONS

FOREWORD

1) The formal decisions or agreements of the 1EC on technical matters, prepared by Technical Committees on which all the
Nauonal Commitices having a special interest thercin are represented, express, as nearly as possible, an international
conscensus of opinion on the subjects dealt with.

- 2) They have the form of recommendations for international uss and they are accepted by the National Committees in that
sense.

.

3) In order to promote international unification, the IEC expresses the wish that all National Commitiees should adopt the text
of the | EC recommendation for their national rules in so far as national conditions will permit Any divergence between the
1EC recommendation and the corresponding national rules should, as far as possible, be clearly indicaled in the latier.

PREFACE

This report has been prepared by IEC Technical Committee No. 36 : Insulators.
The text of this report is based upon the following documents :

Six Months' Rule . Report on Voting Two Months' Procedure Report on Voting

36(CO)64 36(C0)6 36(CO)7 36(C0)68

Further information can be found in the relevant Reports on Voling indicated in the table
above.

The following 1 EC publications are quoted in this report :

Publications Nos. 71-2 (1976): Insulation Co-ordination,
Pant 2: Application Guide.
273 (1979): Dimensions of Indoor and Outdoor Post Insulators and Post Insulator Units for Sys-
tems with Nominal Yolages Greater than 1 000 V.
305 (1978): Characteristics of String Insulator Units of the Cap and Pin Type.
433 (1980): Characteristics of String losulator Units of the Long Rod Type.
507 (1975): Artificial Pollution Tests on High-voltage Insulators 1o be Used on A.C. Systems.

720 (1981) : Characteristics of Line Post Insulators.
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GUIDE'F—OR THE SELECTION OF INSULATORS IN RESPECT
OF POLLUTED CONDITIONS

Scope

This guide is mainly applicable to three-phase systems up to 525 kV (phase-to-phase). For
higher voltages the possible non-linear performance of insulators is still under study.

This guide is applicable to outdoor ceramic and glass insulators, used in a.c. systems, of the
following types:
— long-rod and traction line insulator;
— cap and pin insulator;
— pedestal type post and rigid pin insulator;
— substation and line post insulator;
— hollow insulator ;
— bushing.

This guide cannot directly be used for special types of insulators such as insulators with con-
ductive glaze, or covered, during the manufacturing, with any insulating matenal, for surge
arTesters and also for longitudinal insulation for open circuit-breakers. This guide does not deal
with radio interference voltage, television interference voltage and audible noise, the intensity of
which may be increased on some polluted insulators.

2. Object

The performance of insulators in polluted conditions has been the subject of many studies that
permit the specification of the required insulation when the site pollution is known, or by expe-
rience of insulator performance in the same region which has been operating at the same or at a
different system voliage. The approach based on laboratory simulation of natural pollution
consists consequently of the following steps:

1) evaluation of type and severity of the pollution at the site;

2) specification of a laboratory test as representative of the pollution of the site as possible (in
particular, see I E CPublication 507 : Artificial Pollution Tests on High-voltage Insulators to be
Used on A.C. Systems) ;

"3) selection of insulators which would show a good behaviour under this test.

This method of selection and specification of _lgc._requircd insulation should be adopted
whenever circumstances permit. g

Obviously, this approach has some limitations, for instance, when a natural site cannot be
represented in a satisfactory way by an artficial pollution test in the laboratory.

The aim of the present guide is to give, on the basis of the experience in service and numerous
1est results in naturally and artificially polluted conditions, simple general rules that should assist
in choosing the insulator which should give satisfactory performance under polluted conditions.

111
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These rules arc essentially based upon minimum creepage distance requirements associated
with a few other geometrical parameters, which generally do not limit the design of the insulator
itself. They provide an easily accomplished way 1o choose insulators based on the predicted
severity of the site where these insulators are 10 be installed. The above requirements are based

on insulators having an acceplable risk of flashover when operating under such polluted
conditions. .

" Note. — Suitable testing carried out in the laboratory or direct experience obtained in natural conditions may allow the

minimum creepage distances specified in this guide 1o be reduced (for instanee, for insulators specially designed
for polluted conditions). b
This guide describes the method of insulator selecticn by :

— evaluating qualitatively the seventy of the pollution of the site (see Clause 4, Table I and
Appendix A);

— choosing insulator dimensions with regard to the specific nominal creepage distance (Table IT)
within the limits stated in Clause 5.

In special cases, washing or greasing of insulators can be used (see Appendix B).

The guide also indicates, by way of information : )
— different methods for measuring the pollution severity that make it possible to check, or to

know with greater accuracy, the actual pollution severity of a site, while bearing in mind that .

valid information often calls for several years of measurements (see Clause n;

- relations between pollution levels and artificial pollution tests (see Appendix C).

112
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3. Pollution severity levels

For the purposes of standardization, four levels of pollution are qualitatively defined, from light
pollution 1o very heavy pollution.

Table I gives, for each level of pollution, an approximate description of some typical corres-
ponding environments. Other extreme environmental conditions exist which mcm further con-
sideration, ¢.g. snow and ice in heavy pollution, heavy rain, and areas.

Note. — This 1able is intended 10 replace Table | of 1 E C Publicauon 71-2 : Insulation Coordination, Pant 2 : Application
Guide.

TABLE ]

Pollution level Examples of typical environments

I- Light — Areas without industries and with low density of houses aqmpp-cd with beating

plants

— Areas with low density of industries or houscs but subjected 10 ﬁ-cqucnl winds and/or
rainfall

— Agnicultural areas !
<~ Mountainous areas S

All these areas shall be siuated at Jeast IOkm lolognfromlhcsca and shall not be
exposed 1o winds directly from the sea P

I - Medium — Areas with industries ot producing particularly polluting smoke and/or with

average density of houses equipped with heating plants
— Arcas with high density of houses and/or industries but subjected 10 frequent winds
and/or rainfall

— Areas exposed 10 wind from the sea but not 100 close to the coast (2t lcast several
kilometres distant) 2

M1 - Heavy — Arcas with high density of industries and suburbs of large cities with high density of

bezting plants producing pollution

— Areas close 10 the sea or in any case uposcd‘to relatively strong winds from the
fead

IV - Very beavy — Areas generally of moderate extent, subjected to conductive dusts and 1o industrial
: smoke producicg panicularly thick conductive deposits
— Aureas generally of moderate extent, very close 1o the coast and exposed 10 sca-sprav
or 10 very strong and polluting winds from the sea

— Desent areas, characierized by no rain for Jong periods, exposed 10 strong winds
carrying sand and sal, and subjected 10 regular condensation

" Use of fenilizers by spraying, or the burning of crop residues, can lead 10 2 higher pollution level due 10 dispersal by
wind.

D Distances from sea coast depend on the topograpby of the coastal area and on the extreme wind conditions.

113
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4. Relation between the pollution level and the specific creepage distance -

For each level of pollution described in Table I, the corresponding minimum nominal specific
creepage distance, in millimetres per kilovolt (phase-1o-phase) of the highest voltage for equip-
ment is given in Table II. This table is intended 10 replace Table II of I E C Publication 71-2.

Expenience has shown that the criterion of “minimum specific creepage distance™, which

implies linearity under pollution between withstand voltage and creepage distance, applies 1o most
insulators used om existing systems. -

Some insulators specially shaped for particular kinds of pollution may not satisfy these con-
ditions even though they perform satisfactorily in service. -

TABLE I

< . - - )
Pollution level Minimum DOM?:“ wm;‘:l\?g’) creepage distance
- = =
Jd - Light ! 18\
\ J i ) _
N ~ / ) . B
11 - Medium 20
I - Heavy ) 35
IV - Very heavy ’ 3

" For the actual crecpage distance, the specified manufacturing tolerances are applicable (see I E C Publication 273 -
Dimensions of Indoor and Outdoor Post Inswlators and Post Insulator Units for Sysiems with Nominal Voltages
Greater than 1 000 V, I E C Publication 305 : Characteristics of String Insulator Units of the Cap and Pin Type,1EC
Publication 433 : Characteristics of String Insulator Units of the Long Rod Type, and 1 E C Publication 720
Charactenistics of Line Post Insulators).

? Ratio of the leakage distance measured berween phase and earth over the r.m.s. phase to phase value of the highest
vohage for the equipment (see 1 E C Publication 71-1). ’

Notes 1. — lIn very Lightly polluted arcas, specific nominal crecpage distances lower than 16 mm/kV can be used
depending on service experience. 12 mm/kY seems 10 be a lower Limit.

2. — In the case of exceptional pollution severity, 2 specific pominal creepage distance of 31 mm/kV may not be
adequate. Depending on service experience and‘or on laboratory test results, 2 higher value of specific
creepage distance can be used, but in some instances the practicability of washing or greasing (see Appendix B)
may have 10 be considered.

5. Application of the “specific creepage distance” concept

In order to successfully apply the “specific creepage distance™ concept, certain dimensional
parameters characterizing the insulator shall be taken in1o account.

These parameters, based on service experience and on laboratory tests, mainly relate 10 the shed

shape or to the profile of the insulator, but also 10 the diameter and the position in service of the
insulator.
'

—9‘,:',-/ The following parameters are not intended to limit the future development of insulator design.
 They simply recommend certain limits (indicated in Appendix D) which must be interpreted
flexibly in order to provide a high probability of satisfactory performance in service.
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Based on past experience the important parameters which have to be taken into account
arc:

5.1 Parameters characterizing the profile (see Appendix D)

The profile of an insulator is characterized by the following parameters :
. — minmimum distance, ¢, between sheds ; ’

— ratio s/p between spacing and shed overhang ;
— ratio [ /d between creepage distance and clearance -~
— alternating sheds (see Figures 2, page 19 and D3b, page 37);
— 1inclinauon of sheds ;
— paramelters characterizing the entire msulalor

e creepage factor C.F.

e profile factor P.F.

Appendix D gives the definition of these parameters and an indication of their value.

5.2 Influence of the position of insulators

There is normally some change in the pollution performance of insulators designed foruse in the
vertical position when they are used in an inclined or horizontal position. Generally the change is

for an improvement in performance, but in certain cases a reduction may result, due for example to
the cascade effect of heavy rain.

Unless specific data showing significantly improved performance is available, any change in
performance due 1o position should be neglected.

Note. — If insulators are designed for use in an inclined or borizontal position, the performance under polluted conditions
can be checked by laboratory or field 1ests in l.hc position for which they are dcsngncd

' -7_| e < 2
o Vi 3 A - L o ) = ¥ " o R
{\._" PJ P w Ty L ; -; k‘ " ; .r ! ‘ J‘-—-"i \,'.- s g ,,, B
5.3 Influence of the d:ame!er ) « b T F ~ ¢

Vanous laboratory tests appear 10 mdlmlc that Lhc polluhon pcrforman
and hollow insulators decreases” increasing average diameter.

e ——

ce of pos___su]ators ;

The fdlIowing values for k;, are proposed, ki, being a factor to increase the creepage distance with
average diameter D_ in millimetres.

— average diameter D_ < 300 mm: k;=1
— 300 < D_ < 500 mm: k,=1.1
— D_ > 500 mm: k=12

However, these values may differ according to the origin of different results (field results or
laboratory tests). This factor should therefore be used with caution.

For a given profile, the average diameter D_ 1s given by :

- =
v

B f f'D 0 dl
I

where :

I, is the total creepage distance of the insulator

DX/ is the value of the diameter a1 2 creepage distance I, measured from one electrode

.': 7. L
4 wed . 2 ﬁ\{_
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The above formula may be approximated in general by the following simple relations - )

1) regular sheds D = D .+ D, (Figure 1, page 19),
T2
2) alternating sheds D = D, + D, + 2D, (Figure 2, page 19).
. " 4 -

6. Determination of the creepage distance

The minimum nominal creepage distance of an insulator situated between phase and earth is
determined, according to the pollution level of the site, by the relation -

' minimum nominal Creepage distance = minimum specific creepage distance (T. able IT) x highest
system voltage phase-to-phase for the equipment x k,
where:
ky, is the correction factor due to diameter (see Sub-clause §.3) -

. Ifinsulators are to be used between phases (phase-spacers for instance), the Creepage distance
‘should be multiplied by V3 (for a three-phase system).

7. Evaluation of pollution severity

The application of this guide is directly related to the knowledge of the pollution seventy of the
site where the insulators are 10 be installed.

The evaluation of the pollution severity can be made with an increasing degree of
confidence :

— Qqualitatively from indications given in Table I,
— from information on the behaviour of insulators from lines and substations already in service
on that site (see Appendix A), for evaluation by experts in this field,

— from measurements in situ

For measurements in sity, different methods are generally used. They are :

1) volume conductivity for the pollutant collected by means of directional gauges ;
2) Equivalent Salt Deposit Density on the insulator surface (ESDD method) ;

3) total number of flashovers of wnsulator strings of various lengths ;

4) surface conductance of sample insulators ;

5) leakage current of insulators subjected 10 service voltage (highest current values during
subsequent time intervals, L).

The first two methods do not require expensive equipment and can be easily performed. The
volume conductivity method gi\:cs no direct information by itself on the frequency and on the
[ the contamination events on'a natural site. The ESDD method characterizes the

poliution severity of the site. Information on wetling shall be separately obtained.

The accuracy of these methods depends upon the frequency of measurement. However, for the
ESDD method, an 2utomatic measunng system has been developed and therefore pollution

severity can be measured continuously, in order 1o find, for example, the suitable timing of
washing.
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The method based on total flashovers needs expensive test facilities. Reliable information can

be obtained only for insulators having a length close 1o the actual length and flashing over a1 a
voltage near the operating voliage.

The last two methods which peed a power source and special recording equipment hav
advantage that the effects of pollution are continuously monitored. These techniques have
developed for assessing the pollution rate and the results, when related 1o test data, are us
indicate that the pollution is still at a level known 10 be safe for
washing or re-greasing is required.

¢ the
been

ed 10
operational service or whether

Note. — For more information on these different methods see

“Electra™ No. 64 - May 1979, page 10} and the
following.

a2

v

171733 7238

F1G. 1. — Regular sheds. FIG. 2. — Alternating sheds.

/
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APPENDIX A

EXAMPLE OF A QUESTIONNAIRE TO COLLECT INFORMATION
ON THE BEHAVIOUR OF INSULATORS IN POLLUTED AREAS

Company : Country :

ldentificauon of project and/or locauos ©
Line or substation :

Perso= 10 consult for complementary informauon, address, iclex, 1elephone :

Al. General information

— Nominal voltage of the system and highest voltage for equipment

— Date of construction — Date of energizing

— Type of svsiem — Cleaning — yes or no — frequency...

— Maintenance (not involving ’ — Washing — yesorno — frequency...
changes of insulator) — Greasing — yesorno — frequency...

— For overhead lines — For substations

— Type of tower (sketch) — Type of apparatus:

— Number of circuit e circuil-breaker

— Ground clearance of string e disconnector

— Type of insulator sets e instrument transformer

— Insulator protective fittings e lightning arrester

e bus-bar insulator
— (learance between base
of insulator and ground

A2. Information on the site

— Map of areas crossed and routng of the line

— For polluted areas only, the different climatic zones crossed by the line (mark them on
the map)

— For substations, place, orientation and altitude

A3. Information on weather conditions

— Type of climate : temperate, tropical, equatonal, continental . ..
— Time without rainfall, in months

— Annual rainfall, in millimetres

— Dominant wind : direction, average speed in kilometres per hour
— Dew : someumes, often, never

— Fog: sometimes, often, never
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Ad.

AS.

A6,

Information on pollution

119
For example :

Seaborne pollution (high percentage of salt) — small amount of insoluble matier

Saline pollution other than coastal — small amount of solids

Sand-based pollution or ground dust (e.g. desert...)

Industnial pollution with large amounts of solid deposits (except cement)

Industrial pollution with large amounts of cement

Chemical industnal polluton (gas, smoke .. )

Mixed pollution (indicate in this case the main components, for example for coastal cement

factories)

Data on insulation

For overhead lines — For substations

Position of string — Type of insulator

e vertical (suspension) o post insulator (solid core)

e horizontal (tension) e pedestal insulator

e angle (in degrees) ¢ bushing

Number of units per string ¢ hollow insulator

Type of insulator (drawing) - — Profile and spacing of shed (give details)
Spacing — Toual creepage distance

Creepage distance of unit

Indicate any modification in the initial insulation

Schedule of incidents

Date and time
Situation of the tower (for hine) and place of apparatus in substation
Critical meteorological conditions at the moment of incidents :

e relative humidity e storm

e rain e wind (direction, speed)
‘e drizzle e time between last rainfall
o fog and incident

e temperature e other

Type of incident :

e flashover

e heavy corrosion of metal parts

e punctured dielectnic

e visible damage 1o dielectnic

e erosion or tracking 1 =

-

For a string of insulators, place of damaged units in the string
Comments of the incident indicating any special circumstances.
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APPENDIX B
GREASING AND WASHING

In exceptional cases, pollution problems cannot be solved economically by a good choice of the
insulator. For instance, in areas having very scvere contamination or low annual rainfall, insulator
maintenance may be required. This can also occur when the environment of an already built substation
(or line) changes due 10 new polluting industries. :

Maintenance normally takes one or more of the following forms :
— periodic band wiping on de-enerpized installation or dry cleaning either energized or de-
energized ;
— periodic coating with grease compounds ;
— periodic washing, either energized or de-energized.

a) Greasing

Grease compounds used for coating insulators are mainly _siliconc products or hydrocarbons. The
llu:_c_:ﬁn‘c_s_,gof the applied layer of grease depends on the type of grease and on the degree of pollution;
generally, for the silicone based compounds itis about 1 mm and for hydrocarbon compounds can reach

So_n\ﬁ/nﬂﬂimclrcs. S e A

This type of application requires regular maintenance for removing the grease and recoating and 1s

c@lt—sﬁou*d*‘ofﬁmed out that the greased insulators lose most of their properties of self-

cleaning through the rain or through the wind and that under certain conditions of heavy pollution the
grease can damage the ceramic or the glass. ;

The frequency of cleaning and regreasing ranges from some months 10 some Yyears, depending upon
the degree of contamination and the weather conditions. An optimization of these operations shall be
reached by a check of the conditions of the grease, taking into account the accumulation rate of the
pollution content in the grease and the ageing of the grease self.

b) Washing

There are two main methods for the washing of insulators to remove pollution :

— by fixed sprays;
— by using a manually controlled portable jet.

The frequency of washing should be such as to avoid signilicant accumulation of pollution. Thus the
objective is 1o keep the insulators in as clean a condition as possible.

Insulator washing with fixed, automatc sprays is an effective and reliable method of combating

pollution, particularly when the deposit rate is high. This technique has high capital cost and low
runping cost.

Ponable jet washing equipment operates under the direct control of suitably trained persons and can

be used at more than one site. It has low capital cost and high running cost. Some safety precautions are
necessary.
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Both systems require .

P} stored supply of water of adequate capacity and suitable low conductivity. Town mains water may
be suitable for washing in some Cases

Y special nozzles to ensure that the wash water breaks into droplets;

J precautions 1o reduce the risk of water being blown onto unwashed insulators by strong winds.

| Where the pollution deposit rate is high, a pollution detector is desirable o initiate fixed washing or 10
all for a2 manual wash.

The effectiveness of washing is dependent on the design of the insulators, particularly the shape and
spacing of sheds. In general, insulators of good polluuon performance will wash well, particularly if the
shed profile has good aerodynamic qualities.

i Note. — For lightning arresters with internal gaps, special cre should be taken 1o avoid flashover or explosion during wash-
ing.
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APPENDIX C

RELATION BETWEEN POLLUTION LEVELS
AND ARTIFICIAL POLLUTION TESTS

These relations between pollution levels and artificial pollution tests on particular cap and pin and
long-rod insulators are given only as examples, and cannot be used for type tests on line insulators.
Neither should the piven withstand severity be interpreted as a specification for post insulators and
hollow insulators.

Table III gives for each pollution level the range of values which were obtained in some artificial
pollution tests perforrned according to the test procedures descnbed in 1EC Publicauon 507
(1975).

Note. — The 1est procedures are being modified in the current revision of 1EC Publication 507, especially those of the
solid-layer methods. This may lead 1o values different from those gpven.

TasLE I11
Aruficial pollution tests
Severiry withstand values at the phase-to-carth voltage
Specific creepage distance =
(see column 2, Solid-layer rethods
Table II) Sah fog method
Laver
S.D.D.? conducuvity
(mm/kV) (xg/m?) (mg/cm?) S)
16 510 14 0.03 10 0.06 151020
20 T 14 10 40 0.10 10 0.20 241035
25 4010112 0.30 10 0.60 36
31 >160 - -

7 S. D. D. = Salt Deposit Deasiry.
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APPENDIX D
PARAMETERS CHARACTERIZING THE INSULATOR PROFILE

These parameters are related to insulators installed in a vertical position. For other positions, see
Sub-clause 5.2. :

Dl. Minimum distance ¢ between sheds

cis the minimum distance between adjacent sheds of the same diameter, measured by drawing a
perpendicular from the lowest point of the outer nb of the upper shed to the shed below of the same
diameter*(Figure D 1, page 36).

This distance is important in rainfall conditions to avoid bridging between two successive sheds.
According 1o present knowledge, a value of ¢ in the order of 30 mm of more fulfils this requ
ment.

ire-

For insulators baving an overall length less than or equal to 550 mm, or for insulators with small
shed overhang p (see Clause D2) (p <40 mm) a value of ¢ in the order of 20 mm is accepi-

able. E
Notes 1. — cis not applicable 10 pedestal-type post and pin-type _insulalon.
2. — For insulators with alternate sheds, see Clause D4, - - -
D2 Ratio 5/p between spacing and shed overhang &

i

The Meicﬁpg _the limitation on providing arbitrarily 100 high a leakage distance by
either overdimensioning the shed overhang p or by unjustifiably increasing the number of sheds.
The ratio is important for self-cleaning properties of insulators. “

— A - \ -

s/p should be equal to or greater than 0.8 Field ex pcl_'_igx.)(_:é shows that this value can be reduced

10 0.65 in the case of plain sheds (without ibs).

5 1s the vertical distance between two similar points of successive sheds {spacing).

pisthe maximum shed overhang (i.e. p in Figures D3a and D3d, pages 37 and 38, p, in Figure
D3b, page 37 and p, in Figure D3c, page 38).

D3. Ratio [,/d between creepage distance and clearance

The ratio / /d describes the use of the creepage distance in order to avoid local short-circuiting
and should be lower than 5. This ratio should be checked for the * worst Case ™ on any section, for
example, of the underside of an anti-fog insulator profile.

el e

d 15 the straight air distance measured between two points situated on the insulating part or
between any point located on the insulating pan and the other on a metal part.

I, 1s the pan of the creepage path measured between the above two points.

D4, Alternating sheds (see Figure D3b)

The difference (P, — p,) between two consecutive shed overhangs is imponant in rain conditions
10 avoid bndging between them.

a =TT oy,
B sl e e DLENASSH
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p, is the shed overhang of the larger shed ;
p, is the shed overhang of the smaller shed.

This difference (p, — p,) should be in general greater than or equal 1o 15 mm.

Inclination of sheds

The inclination of sheds is important for the self-cleaning properties. For the top of the shed, the
minimum inclination of the shed (a) should be greater than 5° (see Figure D2, page 36).

No minimum angle 1s specified for the bottom pén of the shed. However, if this bottom part is
without nbs, a minimum inclination of 2° is advisable.

Parameters characieriziag the entire insulator

The 1nsulators, as far as their performance under pollution 1s concerned, can be designed in
different manners. When the pollution seventy increases, a solution to satisfy the specific creepage

concept is obviously to increase the length of the insulator while keeping the same shed
profile.

Note. — When clean string insulator units are added 1o or replaced in a polluted insulztor string, the complete string shall
be cleaned before the line 1s re-energized.

However, this solution cannot be applied or may not be economical when the pollution seventy

15 100 high. Therefore it is possible to design insulators having different profiles suitable for the
specified pollution sevenuty.

The dififerent parameters given above characterize local parts of a profile, but it is still necessary
to characterize the entire insulator by the creepage factor {C.F.) and by the proﬁ]: factor (P.F.).
These two factors depend on the pollution severity.

C.F. bas a theoretical and scientific meaning, while P.F. is an empirical quantity derived from
experience. C.F. can be used to characterize the profile of all types of insulators, whereas P.F. is not

applicable 1o cap and pin 1nsulators (see Figure D3c, page 38) and pedestal post insulators (see
Figure D3e, page 39).

Creepage factor C.F.
I}
The creepage factor, C.F., is equal to =

b

where :

/ is the tot2] creepage distznce of an insulator. and i

$.1s the araing distance, which is the shenest distance in air, outside the insulator, not considening arcing homns, between the
metaliic pans to which the voltage 1s pormazlly applizd

It 15 advisable 10 keep:
C.F. < 3.50 for pollution levels I and 11,
C.F. < 4 for polluuion levels 111 and IV,

Note. — If an insu!::or has a profile with a C.F. higher than the limit value recommended. the insulator profile may be

used if expenence 1n operation. or 2 laboratory test reproducing operation condstions, p<rmits the assumption of
good perfc. nance.
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D6.2  Profile facior P.F.

The P.F.1s defined as the ratio of the simplified leakage distance to the actual insulating creepage
distance measured between the two points which define the spacing s.
The simplified leakage distance is the sum of :
2p + s for insulators in Figures D3a and D3d, pages 37 and 38,
2p, + 2p, + s for insulators in Figure D3b, page 37,
P. P, p, and s having the definitions given above and shown in Figures D3. ==

Thus, P.F. is equal 10
3‘? for insulators in Figures D3a and D3d

2p,+2p.+5

7 for insulators in Figure D3b

I'being the creepage distance of the insulated leakage path measured between the two points
which define s.

It is advisable 10 keep :
P.F. above 0.8 for pollution levels I and 11,
P.F. above 0.7 for pollution Jevels III and IV.

Note. — 1faninsulator has a profile with a P.F. lower than the limit value recommended, the insulator profile may be used

U, expenience in operation, or a laboratory 1est reproducing operation condiuons, permits assumption of good
performance.

General note. — The protected part of the profile (protected creepage distance) should not be
specified as a parameter charactenizing a shed profile.

In effect, no general rules can be quantified because the degree 1o which a shed profile is **
or “ protected " depends mainly on :
— the different site conditions of contamination,
— the prevailing self-cleaning conditions,
— the position of the insulator (angle of inclination).

open ™

For example, for insuiators used in vertical position in an area exposed 1o salt storms and
frequent and intensive rain, “ protecied " profiles (either profiles with underribs or plain sheds of
steep inclination) have proved to be useful. ,

On the other hand, for insulators used in an area with rare or low intensity rain or airborne
contaminants, “ open ™ (or aerodynamic) profiles seem 1o show good performance. In such cases,
the creepage distance of underribs can be put out of action by being filled with contaminants.

-
"
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The profiles are only indicative.
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FIG. D3c. — lIsolateur a capot et lige.
Cap and pin insulator.

FiG. D3d. — Ailettes a ondulauions.
Undemnb sheds
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Ces profils ne sont donnés qu’a titre indicatif,

The profiles are only indicative.

179725

F1G. D3e. — Support isolant a capot et embase.
Pedestal type post insulator.
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ICEE-331

Title: Research on Motor-drive Mechanism of High-voltage Circuit Breaker
Author(s): HUANG, Yulong SHAO, Shengnan WANG, Jingjun XU, Guozheng
QIAN, Jiali

In this paper, a new type of motor drive operating mechanism of High Voltage Circuit
Breakers (HVCB) based on techniques of power electronics and motor digital control has
been studied. In this paper, the structure and the moving principle of operating mechanism for
HVCB is analyzed and the control strategy for PMSM drive operating mechanism is
described. The simulations, calculations and actual tests all indicate that parameters of the
drive-motor such as the rotational inertia, the output torque and the output power will have
impact on the performance of the operating mechanism. The research work of this paper has
shown that it is advisable to adopt motor for driving operating mechanism of HVCB and such
mechanism can meet the requirements for opening and closing operation of HVCBs.

ICEE-332

Title: Corona Inception Phenomena of Porcelain Insulators and A Comparison with
Polymeric Insulators under Salt Fog Pollution in Thailand
Author(s): CHAISAENGSUKKUL, Apisit POTIVEJKUL, Siriwat PATTANADE]J,

Norasage

The insulators used in electrical distribution system, particularly those in coastal environment,
are exposed to salt vapor from sea water. Such condition would cause power interruption in
electrical system and as a result, it would impact power system stability. This paper presents
results of corona phenomena study on AC insulators for 33 kV system under Salt Fog Method
of sea water from east coast of Thailand and aline solution with various salinity. Two types of
msulator : porcelain insulator and polymeric insulator with alternating shed are used for
testng. The test results show that corona inception voltage as well as leakage current of
porcelain insulator when exposed with sea water are higher than that of polymeric insulators.
When salinity levels of saline solutions are increased, corona inception voltage of porcelain
insulators are slightly changed while corona inception voltage of polymeric insulators are
decreased. Corona inception voltage of polymeric insulators are lower than that of porcelain
insulators. When salinity levels of salinc solutions arc increased, lcakage current of porcelain
:asulators are slightly decreased while leakage current of polymeric insulators are slightly
changed. Lcakage current of polymeric insulators arc lower than porcelain insulators. In
addition, when comparing corona phenomena with electric field by computenized simulation
program, i.¢. Finite clement cte. the results show that the lowest part of both porcelain and
polymeric insulators close to conductors have the highest electric field and it is also the
position that corona phenomena occurred.
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Abstract

The insulators using in electrical distribution
system particularly in coastal environment are
exposed to salt vapor from sea water.  Such
condition would cause power interruption in
electrical system and as a result, it would
impact  power system  stability. This paper
presents results of corona phenomena study on AC
insulators for 33 kV system wunder Salt Fog
Method of sea water from east coast of Thailand
and saline solution with various salinity. Two
types of insulator : porcelain insulator and
polymeric insulator with alternating sheds are
used for testing. The test results show that
corona inception voltage as well as leakage
current of porcelain insulators when exposed
with sea water are higher than that of polymeric
insulators.

When salinity levels of saline solutions are increased,

corona inception voltage of porcelain insulators
are slightly changed while corona inception voltage
of polymeric insulators are decreased.  Corona
inception voltage of polymeric insulators are lower
than that of porcelain insulators. When salinity
levels of saline solutions are increased, leakage
current of porcelain insulators are slightly
decreased  while leakage current of polymeric
insulators are slightly changed. Leakage current
of polymeric insulators are lower than porcelain
insulators. In addition, when comparing corona
phenomena  with electric field by computerized
simulation program, i.e. Finite element etc. the
results show that the lowest part of both
porcelain  and polymeric  insulators  close to
conductors have the highest electric field and it
is also the position that corona phenomena
occurred.

Keywords:
Polluted insulator , artificial  pollution

POTIVEJKUL, Siriwat
Department of Electrical Engineering
Faculty of Engineering
King Mongkut’s Institute of Technology Ladkrabang
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1. INTRODUCTION

The AC insulators which are installed in
the distribution system particularly near eastern
sea coast or industrial area those located in
eastern of Thailand are exposed to salt vapour
and can be easily cause flashover. As a result,
it can lead to cause power interruption
to factory or end user which impact to
stability of power system. The selection of proper
insulators such as polymeric insulators to replace
porcelain insulators has been studying
for several years to solve this problem since
polymeric insulator has its main advantage on
hydrophobic properties and light weight. However,
polymeric insulator to be used needs to be
electrically tested to ensure its properties suits
sea coast environment.

2. SALT FOG METHOD

When  studying polluted insulators, it is
generally  referred IEC 507 standard. This
standard  recommends Salt Fog Method to
simulate coastal condition. Sea water from
eastern coast of Thailand was provided as well
as saline solution with various salinity were
prepared as solutions for Salt Fog Method. Three
porcelain insulators and three polymeric insulators
with alternating sheds were provided to carry out
the test under Salt Fog Condition.

2.1. Salt Fog Chamber

Salt fog test chamber is fabricated as according
to standard requirements. The dimension of
chamber ( width x length x height ) is 4.0 x 8.0 x 4.5
m’. Two of four-nozzle spray columns are provided
at both side of object test with distance of 3
metres each. System air pressure is approximately



7.0 bars while flow rate of solutions at each
spray is 30 litrs / hour.

Fig. 1 Salt Fog Test Chamber

(a) Spray Columns ( b) Air and Solutions

Nozzles

Fig. 2 Spray Columns & Nozzles

(b) Polymeric Insulators

Fig.3 Test Objects
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2.2. Saline Solutions Preparation

Sea water was collected from eastern coast of
Thailand in containers. Three samples of sea
water were  prepared for  measuring of
conductivity.  The salinity of sea water s
represented with SS, Four salinity values
( represented as SI1, S2, 83,84 ) of saline
solutions for salt fog are selected for the test,
i.e. small salinity, medium salinity, high salinity
and very high salinity respectively. The values
of S1, S2, S3, S4 are 7, 28, 80, 160 kg/
m’ respectively.  These values can be prepared
by blending sodium chloride having different
quantity with clean water. Conductivity of these
solutions can be measured by conductivity meter.
The conductivity data of  selected solutions
including sea water at 20 - C are shown below :

Salinity Salinity | Conductivity | Remark
Levels | (kg/m’) | (§/m)
SS N/A 4.11 Sea
Water
S1 7 1.17 Small
Salinity
S2 28 3.97 Medium
Salinity
S3 80 9.88 High
Salinity
S4 160 17.8 Very
High
Salinity
Table 1

Salinity Levels and Conductivity of Solutions

Fig. 4 Conductivity Meter ( Type Inno Level 2)

3. TEST PROCEDURE

Fig. 5 shows test arrangement under salt fog
condition.  After all equipment including test
object ( porcelain insulator ) are set up, the test



begins.  Solutions with small salinity is started
to spray from both columns and test voltage is
gradually applied to test object until corona
phenomena can be detected by corona camera
( Fig. 6 ) In case no corona occurred, the
maximum voltage is limited not exceed 70 kV.
Then the test of second specimen of porcelain
insulator is taken place. After three specimens are
tested under small salinity. The consequential
test of three polymeric insulators are carried out.
After completion of test for small salinity of both
porcelain and polymeric insulators. The medium
salinity is then supplied.

The test is carried out with the same test
procedure mentioned above for all  salinity
values including sea water.  During each test,
leakage current is measured and recorded at all
applied voltage when corona phenomena occurred.

Fig 5 Test Arrangement

where

1. Testing Transformer Rated 5 kVA, 100 kV

2. Water Resistance

3. Test Chamber Dimension W xLx H =
4x8x 45 m

- Test Object ( Porcelain / Polymeric Insulator )

. Spray Coulmns

. Current Transformer

. Solution Containers

Air Compressor

=N - AT

Fig. 6 Corona Camera ( Type Corocam II )
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4. TEST RESULTS AND ANALYSIS

The test result show corona phenomena of two
types of insulator porcelain and polymeric
insulators.  From Fig. 7, when salinity levels of
saline solutions are increased, corona inception
voltage of porcelain insulators  are slightly
changed while corona inception voltage of
polymeric insulators are decreased.  Corona
inception voltage of polymeric insulators are lower
than that of porcelain insulators.

From Fig. 8 , when salinity levels of saline
solutions are increased, leakage current of
porcelain insulators are slightly decreased while
leakage current of polymeric insulators are slightly
changed. Leakage current of polymeric insulators
are lower than porcelain insulators.

In addition, corona inception voltage as well as
leakage current of porcelain insulators when
exposed with sea water are higher than that of
polymeric insulators.

From Fig. 9, corona phenomena which are
occurred at the lowest part of both porcelain and
polymeric  insulators conform to computer
simulation as shown in Fig. 10. The simulation
was adopted by using Finite Element Laboratory or
FEMLAB software, the proper type with its
dimensions of insulators need to be provided as
input data and conditions need to be defined, i.e.
cleaned and polluted condition etc. In Fig. 10, it
is shown the highest intensity of electric field
located at lowest part of porcelain and polymeric
insulators.

Reiation bestween Corona Inception Voltage and Saline

s1 2 =] 54 ss
Type of Sohntions | Seline Sokstions : 88 /
Bes Watar :38)

L

Fig. 7 Relation between Corona Inception Voltage
(kV) and Saline Solutions / Sea Water of
Porcelain and Polymeric Insulators

Where

SI : Saline Solutions with Small Salinity

52 : Saline Solutions with Medium Salinity
S3 : Saline Solutions with high Salinity

S4 : Saline Solutions with Very High Salinity
SS : Sea Water



Reslation between Leakage Current and Saline Solutions / §|
Sea Water |
|
|
1.2 !
- |
« 1 |
E [ |
= 08¢ | mPorcelan |
T | |
E osp | & Polymer
o L
e 04¢
s |
w 02+ |
5 |
0 |
Type of Solutions ( Saline Solutions : 58S,
Sea Water : S8 )

Fig. 8 Relation between Leakage Current ( mA )
and Saline Solutions / Sea Water of Porcelain
and Polymeric Insulators

where
S1 : Saline Solutions with Small Salinity
S2 : Saline Solutions with Medium Salinity
S3 : Saline Solutions with high Salinity
54 : Saline Solutions with Very High Salinity
SS : Sea Water

(b)
Fig. 9 Corona Inception Phenomena of
(a) Porcelain Insulator and

(b) Polymeric Insulator
( Arrow Signs Show Corona Phenomena
Occurrence Points )
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Fig. 10 Computer Simulation of ( a) Porcelain and
(b) Polymeric Insulator where

1 : Porcelain Insulator

2 : Highest intensity of electric field
3: Lower intensity of electric field
4 : Polymeric Insulator

5 : Highest intensity of electric field
6 : Lower intensity of electric field

5. CONCLUSION

The test results show that corona inception
voltage as well as leakage current of porcelain
insulators when exposed with sea water are
higher than that of polymeric insulators.

When salinity level of saline solutions are
increased, corona inception voltage of porcelain
insulators are slightly changed while corona
inception voltage of polymeric insulators are
decreased. Corona inception voltage of polymeric
insulators are lower than that of porcelain
insulators.

When salinity of saline solutions are increased,
leakage current of porcelain insulators are slightly
decreased while leakage current of polymeric



insulators are slightly changed. Leakage current
of polymeric insulators are lower than porcelain
insulators.

In addition, when comparing corona phenomena
with electric field by computerized simulation
program, i.e. Finite element etc. the results show
that the lowest part of both porcelain and
polymeric insulators close to conductors have the
highest electric field and it is also the position
that corona phenomena occurred.
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obtaining feasible schedules such as GMS problem related to power system planning and
operation. In our paper, we find the optimal solution of the GMS problem within a specific
time horizon using hybrid PSO algorithm, simple modification to the standard particle swarm
optimization adding mutation operator of GA to solve the stagnation problem. Actual data
obtained from the IEEE reliability test system (1996) including 32-generators are applicable
to the GMS problem. From the result, we can conclude that the hybrid PSO is enough to look
for the optimal solution effectively in the generating unit maintenance scheduling problem. It
is also envisaged that hybrid PSO (HPSO) algorithm can be easily implemented for similar
optimizations and scheduling problems in power system problems to obtain improved
solutions.
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Abstract
This paper presents results of properties of
polymeric  insulation Study, e.g. ageing,

hydrophobic which operate influence the electrical
characteristic of polymeric insulator etc. when
they are subjected by artificial polluted condition
compared with natural pollution in Thailand.

The test results show that the insulation resistance
of polymeric insulation decreases when it was
exposed to polluted condition  such as saline
solution no matter of any level of salinity, flour
dust, animal feed dust or cement dust. When the
duration of ageing is prolonged, the insulation
resistance trends to be reduced. Moreover, the
insulation resistance of polymeric insulator under
50 ° C atmospheric is slightly lower than that of
30 °C

Itis also found that hydrophobic properties of
polymeric insulation under various salinity, ie.
small salinity, medium salinity and high salinity
are still relatively remain its properties while
hydrophobic  properties under flour dust s
partially maintain except the area covered with
flour dust. However, hydrophobic properties
will be lost when it exposed with feed dust and
cement dust.

Keywords:
Ageing, hydrophobic, polluted insulator

1. INTRODUCTION

The polymeric insulators are found in many
countries in distribution system especially polluted
condition such as industrial area where there are
many factories generate polluted  dust, e.g.
cement plant, flour mill etc. In Thailand, they
have been using in some areas to solve the
problem of flashover which are easily cause to
porcelain insulators. Since it is the early stage of
using of polymeric insulators and its characteristic
needs to be studied to verify whether it is
suitable for use or not. The purpose of this paper
is to stud properties of insulator such as ageing,

PATTANADECH, Norasage
Department of Electrical Engineering
Faculty of Engineering
King Mongkut * Institute of Technology Ladkrabang
norasage/«a yahoo.com

hydrophobic under industrial dust pollution generated
from factories. As it is known, polymeric
insulator has main advantage on its hydrophobic
properties which can reduce the path of current
leakage, in other words, reduce flashover.

2. SAMPLES AND AGEING PROCESS

Thirty six specimens from polymeric insulator were
prepared for each case, there are six cases for ageing
studied : saline solution with three salinity : small
salinity, medium salinity and high salinity
respectively ( artificial polluted condition ) ; flour
dust, animal feed dust and cement dust collected
from factories. ( natural pollution ) The pollution
process for all specimens for ageing study are
carried out by gradually flowing on all specimens
with prepared solutions in each case and then let
it naturally dry. After that separate each case into
two group, one group to be kept at 30 - C while
the other group kept at 50 - C The duration of
specimens to be under temperature control lasted 8
hours a day and this experiment took place
for fifteen days. The insulation resistance of all
specimens are measured after completion of
temperature control of each day.

To prepare specimens under polluted conditions is
referred  Solid Layer Method from IEC 507
Standard as guidance. The medium contamination is
considered for this experiment. During ageing
process, Scanned Electron Microscope ( SEM ) is also
used to monitor insulator surface under various
polluted condition before and after the process.

Fig. 1. Samples of Pollution Dusts



3. SAMPLES AND HYDROPHOBIC
VERIFICATION PROCESS

The pollution process for hydrophobic study can be
carried out by preparing twelve specimens from
polymeric insulator , then gradually flowing on all
specimens with prepared solution ( saline solutions
with small salinity, medium salinity and high
salinity and solutions with flour dust , animal feed
dust and cement dust respectively ) two
specimens for each type of solutions, let them
naturally dry and then sprayed water all over
the surface of all specimens to verify hydrophobic
property.  After that, separated into two group,
one to be kept at 30 - C while the other kept at
50 - C. The duration of specimens to be under
temperature control lasted 8 hours a day and
this experiment took place for fifieen days.
After the fifteenth day, all specimens were
sprayed with water to verify hydrophobic and
compared with the first day.

Fig.2 Specimens for Ageing Study After
Pollution Process with Animal Feed Dust

Type of SDD Remark
Pollutions | ( mg/cm’ )

Saline 0.028 Small salinity
solution

Saline 0.102 Medium
solution salinity

Saline 0.25 High salinity
solution

Flour 0.041

Feed 0.662

Cement 0.106

Table 1 Data of Various Polluted Dust
and Saline Solutions

4. TEST RESULTS AND ANALYSIS

From Fig 3(a) and (b), it is found that the
insulation  resistance of polymeric insulation
significantly decreases in the first three days when
it was exposed to polluted condition such as
saline solution no matter of any level of salinity,
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flour dust, animal feed dust or cement dust.
When the duration of ageing is prolonged, the
insulation resistance trends to be reduced. In
addition, From Fig. 4, the insulation resistance of
polymeric insulator at 50 - C is slightly lower
than that of 30- C. for flour and animal feed
dust.

From Fig. 5 and Fig. 6 , it is shown the insulator
surfaces when monitored by SEM of various kind
of salinitx and polluted dust at 30 - C and 50 -
C on 15" day compared with the first day. It is
found that the polluted insulation surfaces on the
first day and on 15" day as well asthe polluted
insulation surfaces at 30 - C and 50-C on 15"
day are not changed.

Moreover, from Fig. 7, it is obvious that
hydrophobic  property of polymeric insulation
under various salinity, i.e. small salinity, medium
salinity and high salinity are still relatively remain
its property while hydrophobic property under
flour dust is partially maintain except the area
covered with flour dust.  However, hydrophobic
property will be totally lost when it exposed with
feed dust and cement dust.

Relation between Insulation Resistance w
and Ageing Days at 30C
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Fig. 3 Relation between insulation resistance
and ageing duration when under various
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(a) Original

( b) Small Salinity

( ¢ ) Medium Salinity

( f) Feed (-E; ) Animal Feed

Fig. 5 Illustration of Polymeric Insulator Surface
of Various Pollutions on the first day with
Magnification of 500 X

( e ) Flour



( g ) Animal Feed
Fig. 6 Comparison of Polymeric Insulator Surface

at 30 and 50 C after 15® day of Various
Pollutions with Magnification of 500 X

Con

( a ) Original ( HC1)

( ¢ ) Medium Salinity (HC2)
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( g ) Animal Feed (HC6)

Fig. 7 Comparison between Hydrophobic Property
of Specimens under Various Kinds of Polluted
Dust on 15" day and the first day and
Compared with Hydrophobic Classification

Guideline ( Appendix )

5. CONCLUSION

When polymeric insulator is under pollution
condition, its insulation resistance will be
gradually decreased, in such condition, it has the
opportunity to cause flashover to insulator.

Due to hydrophobic property of  polymeric
insulator still relatively maintain when it is under
saline solution and it is partially remain for flour
dust except the area that is covered with flour
dust. The hydrophobic properties of polymeric
insulator will be lost when it is under animal
feed dust and cement dust. Polymeric insulator is



suitable to use for coastal environment while it
is unsuitable to use under polluted condition such

as

animal feed factory, flour factory including

cement plant.

APPENDIX:

Classification

Hydrophobic

Guideline

HC3
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The Hydrophobic of Polymeric Insulator under
Dust Pollution and A Comparison with
Artificial Pollution
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Astract- This paper presents results of properties of
polymeric insulation study, e.g. hydrophobic, ageing which
operate influence the electrical characteristic of polymeric
insulator etc. when they are subjected by artificial polluted
condition compared with natural pollution in Thailand.

The test results show that hydrophobic property of
polymeric insulator under various salinities, Le. small salinity,
medium salinity and high salinity are still relatively remain
its property while hydrophobic property under flour dust is
partially maintain except the area covered with flour dust
However, hydrophobic property will be lost when it exposed
with feed dust and cement dust. It is also found that the
insulation resistance of polymeric insulator decreases when
it was exposed to polluted condition such as saline solution
no matter of any level of salinity, flour dust, animal feed
dust or cement dust. When the duration of ageing is
prolonged, the insulation resistance trends to be reduced.
In addition, the insulation resistance of polymeric insulator
under 50 ° C atmospheric is slightly lower than that of 30 °
C.

Keywords: Hydrophobic, polymeric insulator, dust pollution

L

The polymeric insulators are found in many countries in
distribution system especially polluted condition such as
industrial area where there are many factories generate
polluted dust, e.g. cement plant, flour mill etc. In
Thailand, they have been used in some areas to solve
the problem of flashover which are easily cause to
porcelain insulators. Since it is the early stage of using
of polymeric insulators and its characteristic needs to be
studied to verify whether it is suitable for use or- not.
The purpose of this paper is to study properties of
polymeric insulator such as' hydrophobic, ageing under
industrial dust pollution generated from factories. As it is
known, polymeric insulator has main advantage on its
hydrophobic property which can reduce the path of
current leakage, in other words, reduce flashover.

INTRODUCTION

II. SAMPLES AND PROCESS OF HYDROPHOBIC
VERIFICATION

** The author would like to express thankfulness to
Provincial Electricity Authority ( PEA ); Department of
Chemistry, Faculty of Science and High Voltage Engineering
Laboratory, Faculty of Engineering , KMITL for their
kind support of relevant instrument and equipment.

apisit@cpf.co.th, norasage@yahoo.com

The pollution process for hydrophobic study can be carried
out by preparing twelve specimens from polymeric insulator,
then gradually flowing on all specimens with prepared
solutions ( saline solutions with small salinity, medium
salinity and high salinity and solutions with flour dust,
animal feed dust and cement dust respectively ) two
specimens for each type of solutions, let them naturally
dry and then sprayed water all over the surface of all
specimens to verify hydrophobic property. After that,
separated into two group, one to be kept at 30 - C while
the other kept at 50 - C. The duration of these specimens
under temperature control lasted 8 hour a day and took
for five days. After the fifth day, all specimens were

sprayed with water to verify hydrophobic and compare
with the first day. '

~ Fig. 1. Samples of pollution dusts ( from left to right: flour; ,animal

feed and cement dust )

IIL SAMPLES AND AGEING PROCESS

For ageing study, thirty six specimens from polymeric
insulator were prepared, six specimens for each case, there
are six cases to be studied : saline solutions ( artificial
polluted  condition ) with three salinities : small salinity,
medium salinity and high salinity respectively; flour dust,
animal feed dust and cement dust collected from
factories ( natural pollution ) . The pollution process for all
specimens for ageing study are the same as for hydrophobic
study. The specimens for ageing are separated into two
group, one group is kept at 30 * C while the other group kept
at 50+ C The duration of specimens to be under temperature
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control lasted 8 hours a day and this experiment took
place for five days. The insulation resistance of all
specimens are measured after completion of temperature
control of each day.

To prepare specimens under polluted conditions is referred
Solid Layer Method from IEC 507 Standard.

During ageing process, Scanned Electron Microscope
( SEM ) is also used to monitor insulator surface under various
polluted conditions.

Fig.2. Specimens for ageing study after pollution process
with cement dust

TABLE 1
DATA OF VARIOUS POLLUTED DUST AND SALINE SOLUTIONS
Type of pollution ESDD Remark
(_mg/cm®)
Saline solutions 0.028 small salinity
Saline solutions 0.102 medium_salinity
Saline solutions 0.250 high salinity
Flour 0.041
Feed 0.662
Cement 0.106

IV. TEST RESULTS

From the test results in Fig3 (a)to(g), it is obvious
that hydrophobic property of polymeric insulator under
various salinities, i.e. small salinity, medium salinity and
high salinity are still relatively remain its property ~while
hydrophobic property under flour dust is partially
maintain except the area covered with flour dust.
However, hydrophobic property will be totally lost when
it exposed with feed dust and cement dust.

In addition, from Fig 4(a) and ( b) it is found that
the insulation resistance of polymeric insulator decreases
when it was exposed to polluted condition such as
saline solutions no matter of any level of salinity, flour
dust, animal feed dust or cement dust. When the
duration of ageing is prolonged, the insulation resistance
trends to be reduced. In addition, the insulation
resistance of polymeric insulator at 50 ° C is slightly lower
than that of 30°C.
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Vﬁhhuon between insulation resistance and
ageing days at 50 C

“ [—o—smah salinky
i - 20 = - medium salinity
§ 20 —&— high sainity
- -10 » — flour
o e — - coment
o 1 2 .3 4 s o foed

No of ageing days ( days ) “—

(b)

Fig. 4. Relation between insulation resistance and ageing duration
when under temperature control (a ) 30C (b )50 C
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Fig. 3. Hydrophobic property of specimens under various kinds of
polluted dust and compared with Hydrophobic
Classification Guideline ( see Appendix )
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Fig. 5. Illustration of polymeric nsulator surface of various
Pollutions with magnification of 500 X

V. CONCLUSIONS

Since hydrophobic property of polymeric insulator still
relatively maintain when it is under saline solutions and it
is partially remain for flour dust except the area that is
covered with flour dust. The hydrophobic property of
polymeric insulator will be lost when it is under cement
dust and animal feed dust. Polymeric insulator is
suitable to use for coastal environment while it is
unsuitable to use under polluted condition such as cement
plant, animal feed factory including flour factory.

When polymeric insulator is under polluted condition,
its insulation resistance will be gradually decreased, in
such condition, it has the chance to cause flashover to
insulator.
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A Comparison of Corona Inception Phenomena
between Porcelain and Polymeric Insulators
under Dust Pollution in Thailand
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Astract- Porcelain insulators are generally used in distribution
system , in some polluted area such as industrial area
where there are many factories generated polluted dust, e.g.
flour mill , cement plant , animal feed factories etc.,
polymeric insulators are used to replace porcelain insalators.
However, in such polluted condition, it sometimes cause
flashover of insulators in power system and as a result, it
would impact power system stability. This paper
presents results of corona phenomena study om 33 kV
system AC insulators under industrially polluted dust, e.g.
flour dust, cement dust and animal feed dust collected from
factories and compared with kaolin which is artificial
pollution.

The results show that coroma inception voltage of
porcelain insulators under flour dust, kaolin, feed dust and
cement dust are relatively constant when tested pollution
levels are increased and corona inception voltage of flour
dust and cement dust are higher than that of kaolin and
animal feed dust with the increasing of pollution levels.

The corona inception voltage of polymeric insulators
under kaolin and feed dust conditions decrease when tested
pollution levels are increased while corona inception voltage
of polymeric insulator under flour dust and cement dust
conditions are relatively constant with the increasing of
tested pollution levels.

In addition, corona inception voltage of polymeric
insulators under industrial dust, ie. kaolin, flour dust,
animal feed dust and cement dust are higher than that of
porcelain insulators.

The leakage current of porcelain insulators under animal
feed dust increase when tested pollution levels are increased
while leakage current of porcelain insulators under kaolin,
flour and cement dust as well as polymeric insulator under
various kinds of dust are relatively constant with the
increasing of tested pollution levels.

Keywords: polymeric insulator, dust pollution, corona

I. INTRODUCTION

In electrical system particularly distribution system,
porcelain insulators are generally used. In some polluted
area such as industrial area where there are many factories
produced polluted dust, e.g. flour mill, cement plant,

** The author would like to express thankfulness to Data
Entry Co,,Ltd, Faculty of Sceince , KMITL including relevant
factories for supporting of equipment and polluted dust.

. animal feed factories etc., polymeric insulators are widely

used to replace porcelain insulators in many countries.
However, in such polluted condition, it sometimes cause
flashover of insulators in power system and as a
result, it would cause power interruption in power
system and on the other hands, impact to power
system stability.

II. SOLID LAYER METHOD

The simulation of industrial polluted condition can be
referred IEC507 standard , this standard recommends
Solid Layer Method to verify the insulator being suitable
to use under polluted condition. Three porcelain
insulators and three polymeric insulators with alternating
sheds were provided to carry out the test.

A.. Solid Layer Chamber

Solid layer chamber is fabricated as according to standard
requirements. The dimension of chamber is width x length
x height = 42x4.2 x 45 m’ Electric steam generator

produces steam from ground level to upwards direction
with the rate of approximately 50 g /hr / m’
object test is suspended approximately 2.0 m
ground.

The
above

(b) Polluted polymeric insulators

Fig. 1. Test objects
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* B. Solid Layer Preparation -

The preparation of solid layer can be done by
providing 40 g. Kaolin and 3 g. salt. Then dissolve in
the container with 1000 g. water, stir together and fill in
jet spray. Spray test objects ( porcelain and polymeric
insulators ) with this solution and let it dry. After test
objects naturally dry, carefully collect suspended dust
from test objects by using wet brush and dissolve
suspended dust in the known quantity water in another
container, stir for approximately 2 minutes and then
measure its conductivity with conductivity meter and
record. The ESDD ( Equivalent Salt Deposit Density )
can be determined by referring IEC 507 standard.
After first ESDD is obtained, the other values of
ESDD can be obtained by the procedure mentioned
above with appropriate amount of salt as according to
tested pollution levels, ie. 13 and 60 g. etc. The
consideration of ESDD in this study focus on three
pollution levels , i.e. small contamination, medium

contamination and high contamination respectively.
The solid layer including ESDD for other kinds of
dust, i.e. flour dust, cement and feed dust can be obtained

by repeating steps mentioned in previous paragraph.

Fig.2  Samples of dust( upper : Kaolin, flour;
lower : cement and feed )
TABLE 1
ESDD OF VARIOUS KINDS OF DUST
Pollution
level s ESDD ( mg/cm?)
Kaolin Flour Feed Cement
Low 0.033 0.045 0.034 0.037
Medium 0.057 0.13 0.037 0.056
High 0.13 0.36 0.193 0.20

III. TEST PROCEDURE

The test arrangement for solid layer method was set
up as shown in Fig.3. After all equipment including test
object ( porcelain insulator ) with low pollution level of
kaolin are set up, the test begins. Test voltage is
gradually applied to test object until 19 kV ( phase
voltage ) and then maintain, after that open valveto let
steam from steam generator slowly distributes from

155

ground level and flow in upward direction and detect
corona phenomena by corona camera. In case no
corona occurred, gradually increase voltage level and still
detect corona phenomena , the maximum voltage is
limited not exceed 55 kV. Then the second specimen
of porcelain insulator is taken place. After three
specimens of porcelain insulator with low pollution level
are tested. The consequential test of three polymeric
insulators with low pollution level are carried out. After
completion of test for low pollution level of both
porcelain and polymeric insulators. Then, porcelain and
polymeric insulators with medium pollution level and
high pollution level are then provided for the test.

The test is carried out with the same test procedure
mentioned above for flour dust, animal feed dust and
cement dust respectively. During each test, leakage
current is measured and recorded at all applied voltage
when corona phenomena occurred. Leakage current can
be measured by current transformer with ration 1:40 and
signal is transmitted to digital oscilloscope.

Fig 3 Test arrangement

Where

. Testing transformer rated 5 kVA, 100 kV

. Water resistance

. Test chamber dimension WxLxH=
42x42x 45 m’

. Test object ( porcelain and polymer )

Steam generator

Current transformer ratio 1: 40

Steam distributor

w k-

~Ne v e

IV. TEST RESULTS

From Fig. 4 ( a ) for porcelain insulator, corona inception
voltage of flour dust, kaolin, feed dust and cement are
relatively constant when tested pollution levels are
increased and corona inception voltage of flour dust and
cement dust are higher than that of kaolin and animal
feed dust with the increasing of pollution levels.

From Fig. 4 (b ) for polymeric insulator, corona inception
voltage of kaolin and animal feed dust decrease when
tested pollution levels are increased while corona
inception voltage of flour dust and cement dust are
relatively constant with the increasing of tested pollution
levels.
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Relation between corona inception voltage and
poolution levels under each poliution of
porcelain insulators
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Fig. 4 Relation between corona inception voltage and pollution levels of
each pollution for (a) porcelain insulators and ( b ) polymeric
insulators

From Fig. 5 (a), for Kaolin, corona inception
voltage of porcelain insulators are relatively constant
when tested pollution levels are increased while corona
inception voltage of polymeric insulators decrease with
the increasing of tested pollution levels.

From Fig. 5 ( b)), for flour dust, corona inception
voltage of porcelain insulators and polymeric insulators
are relatively constant when tested pollution levels are
increased.

From Fig. 5(c) , for animal feed dust , corona
inception voltage of porcelain insulators are relatively
constant when tested pollution levels are increased while
corona inception voltage of polymeric insulators decrease
with the increasing of tested pollution levels.

From Fig.5(d ) , for cement dust , corona inception
voltage of porcelain insulators as well as polymeric
insulators are relatively constant when tested pollution
levels are increased.

From Fig5(a) to ( d ), corona inception voltage of
polymeric insulators are higher than that of porcelain
insulators. )
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Relation betw een corona inception voltage
and polution levels under Kaolin of porcelain
and polymeric insulators
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Fig. 5. Relation between corona inception voltage and
various kind of dust for porcelain
and polymeric insulators
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Relation between Ileakage curmrent and
poliution leveils of porcelain Insulators

Pollution levels

L —

s (a)

Relation between leakage current and
poliution levels of polymeric Insulators
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Fig 6 Relation between leakage current and pollution levels of various
kind of dust of (a ) porcelain insulators and ( b ) polymeric insulators

From Fig 6 (a ), for porcelain insulator , leakage
current of animal feed dust increases when tested
pollution levels are increased while leakage current of
kaolin, flour and cement dust are relatively constant with
the increasing of tested pollution levels.

From Fig 6 (b ), for polymeric insulator , leakage
current of all various kinds of dust are relatively
constant when tested pollution levels are increased.

(b)

Fig 7 Corona phenomena of (a ) porcelain insulator and ( b )
polymeric insulator under animal feed dust detected by corona camera
( arrow sign indicates corona occurring point )
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V. CONCLUSIONS

The corona inception voltage of porcelain insulators
under flour dust, kaolin, feed dust and cement are
relatively constant when tested pollution levels are
increased and corona inception voltage of flour dust and
cement dust are higher than that of kaolin and animal
feed dust with the increasing of pollution levels.

The corona inception voltage of polymeric insulators
under kaolin and feed dust conditions decrease when
tested pollution levels are increased while corona
inception voltage of polymeric insulator under flour dust
and cement dust conditions are relatively constant with the
increasing of tested pollution levels.

In addition, corona inception voltage of polymeric
insulators under industrial dust, i.e. kaolin, flour dust,
animal feed dust and cement dust are higher than that of
porcelain insulators.

The leakage curmrent of porcelain insulators under
animal feed dust increase when tested pollution levels are
increased while leakage current of porcelain insulators
under kaolin, flour and cement dust as well as polymeric
insulator under various kinds of dust are relatively
constant with the increasing of tested pollution levels.
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